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Recent Developments in Synthetic Antispasmodics*t 


By Alberti L. Raymond 


Spasm, for our present purpose, may be 
defined as violent involuntary contraction 
due to muscular action, usually attended by 
pain and interfering with function, while 
antispasmodics are those substances which 
abolish such muscular spasm. In this con- 
nection, it is necessary to draw a distinction 
between two types of muscle, somatic 
(skeletal or striate) muscle, exclusively in- 
nervated by the central nervous system, and 
visceral or smooth muscle, principally in- 
nervated by the autonomic nervous system. 
The former are characterized by being under 
voluntary control while the latter belong to 
the involuntary system, although cerebral 
stimuli may be superimposed. If the nerves 
of the first group are interrupted, the muscles 
become completely paralyzed, whereas the 
muscles comprising the visceral system ex- 
hibit an automatic (autonomous) activity in 
the absence of innervation. Spasms with 
which clinicians are concerned are in very 
large part those of the autonomic system 
and the present discussion of antispasmodics 
will be confined to this group. 

* From the laboratories of G. D. Searle & Co., 
Chicago, Ill. 

t This is the first of a series of review articles on 


recent developments in pharmaceutical chemistry 
to be published in Turs JouRNAL.—Eb. 


Pharmacologically, and physiologically, 
it is found that antispasmodics may be 
classified in two basic types, those that act 
irrespective of any innervation or in effect 
directly upon the muscle cell, and those 
which act to prevent the nervous stimulation 
of the muscle cell. Based upon this distinc- 
tion, antispasmodics may be arbitrarily 
divided into two classes, the direct acting or 
musculotropic, and those that interfere with 
nervous activation, the neurotropic. Em- 
ploying portions of excised smooth muscles 


as test objects, musculotropic spasm can . 


be simulated with histamine or barium 


chloride solutions. Neurotropic spasm, Dat 
on the other hand, is reproduced with solu- | 


tions of acetyl choline. Using such prepara- 
tions, the value of a substance as an anti- 
spasmodic can be measured in terms of the 
concentration required to abolish spasm 
induced in these ways.' «Typical of the 
musculotropic antispasmodics are papaver- 
ine and the nitrites. Both of these, although 
to different degrees in different organs, sup- 
press spasms which have been produced in 

1 For a comprehensive discussion of the theories 
and methods relating to autonomic antispasmodics, 
see Goodman, L., and Gilman, A., ‘“The Pharmaco- 


logical Basis of Therapeutics,” The Macmillan 
Company, New York, 1941, Section V, pp. 317-488. 
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visceral muscles by direct stimuli (as his- 
tamine or barium chloride). Atropine and 
scopolamine, on the other hand, are classic 
examples of inhibiters of spasm of smooth 
muscle produced by neuroexcitation (or by 
acetyl choline). Since, from a_ clinical 
standpoint, it would be useful to be able to 
prescribe an antispasmodic without the 
necessity of knowing the mechanism re- 
sponsible for the particular spasm, extensive 
search has been made for a single molecule 
which might combine the two forms of anti- 
spasmodic activity. Additional incentives, 
of course, would be the possibility of finding 
substances with higher therapeutic index or 
without undesired side effects. 

Beginning with papaverine (I), researches 
have been directed to modification of struc- 


CH, 
CH, N 
CH, 
| 
OCH, 
OCH, 


ture and to its correlation with pharma- 
cological activity. The principal efforts 
along this line have been devoted to chang- 
ing the substituents in the various rings, or 
the side chain attached in position 1 of the 
isoquinoline nucleus. A number of alka- 
loids closely related to papaverine occur in 
nature and certain of these (narcotine, 
narceine, chelidonine) have been used clini- 
cally (1), with variable success. Perparine, 
a synthetic, differs (2) from papaverine only 
in the substitution of ethoxy for methoxy in 
the four positions. Replacement of one pair 
of the methoxy groups in papaverine by 
ethoxy, leads to less useful compounds (3). 
Perparine has been reported to be appreci- 
ably more potent than papaverine and only 
one-third to one-half as toxic. 

Introduction of the methyl group in posi- 
tion 3 of papaverine yielded a number of 
useful compounds, of which Eupaverine 
(II) is probably best known. Kreitmair (4) 


CH: 


O—CH; 
II 


has contributed extremely valuable results 
in this series, including variation of the num- 
ber of methylene oxide groups and both 
lengthening and shortening of the side chain 
attached to position 1. He found that the 
phenyl substituted compounds were more 
active than the benzyl, whereas a dihydro 
derivative was found actually to increase 
tone. Newer syntheses in this same series 
have been reported by Bruckner and Fodor 
(5) who describe compounds which seem to 
be superior to papaverine, as do Cunning- 
ham and Fellows (6). The latter also found 
several quite active dihydro and tetrahydro 
compounds. Despite these and other modi- 
fications of the papaverine type structure, 
it is significant that the compounds all re- 
mained musculotropic in their action and in 
no case did they have appreciable atropine- 
like action. Thus, while substances superior 
to papaverine have been secured, they do 
not effect the desired result of combining 
musculotropic and neurotropic action in the 
one molecule. Since the permutations have 
been rather extensive, further modification 
along these lines does not appear to be a fruit- 
ful field for research directed to this objec- 
tive. 

Turning, therefore, to the atropine mole- 
cule (III), it will be seen to be an ester com- 


CH,OH 
N-CH; 
| > 
III 


posed of two portions, one an acid, d, L 
tropic acid, and the other a complex amino- 
alcohol, tropine. Atropine occurs in nature 


associated with hyoscyamine (the levo 
form) hyoscine (scopolamine), apoatropine 
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and other less important alkaloids. Race- 
mization of tropic acid is very easily effected 
and the isolated compounds are frequently 
optically inactive. This is the case for 
atropine, although it appears also to exist as 
such in the plant. Atropine is almost ex- 
clusively neurotropic in its action, but, in 
addition, it is stimulating to the cerebrum 
and the respiratory center. Hyoscyamine, 
the levo form, is stronger than atropine in 
its actions. 

For experimental purposes, both portions 
of the atropine molecule have been inde- 
pendently modified over a considerable 
range of combinations, possible permutation 
of structure being almost limitless. Some of 
the earlier attempts at producing new syn- 
thetics consisted in retaining the amino- 
alcohol portions of the molecule, tropine, 
and modifying the acid radical. Homa- 
tropine (IV) represents one of the earlier 


OH 
N CH; CH-0-CO-CK 
H 
HC CH CH; 
IV 


attempts and consists in the replacement of 
tropic acid by mandelic acid. Novatropine 
is the methyl bromide of homatropine while 
apoatropine, wherein a-phenylacrylic acid 
replaces the tropic acid, occurs naturally. 
In none of these cases does the compound 
have significant musculotropic action. 
Other earlier developments were concerned 
with modification of the aminoalcohol por- 
tion of the molecule as in Eumydrine where 
the nitrogen in the atropine molecule has 
been converted to the quaternary base, and 
in Syntropan (V) where tropine is replaced 


C.Hs CH, CH.OH 
* | 
H 
CoHs CH; 


by a synthetic open-chain aminoalcohol. 
In Eucatropine (VI), the base is a complex 
heterocycle and the acid portion is again 
mandelic acid. Diphenyl acetic acid esters 
of tropine, pseudotropine and other complex 
aminoalcohols have been described (7), 


while in the product Trasentin, both acid 
and base have been replaced, the former by 
diphenylacetic acid and the latter by di- 
ethylaminoethanol. In this compound, it is 


VI 


found that whereas, as compared to atro- 
pine, the neurotropic activity has been 
greatly diminished, the musculotropic ac- 
tivity is somewhat increased. Thus, the 
objective of securing a single molecule with 
neurotropic and musculotropic action is to 
some extent realized. 

It becomes desirable, however, better to 
establish the relationship between structure 
and pharmacologic activity and, in particu- 
lar, to see if even more useful compounds 
may be possible. In very recent years much 
effort has been expended along these lines. 
Fromherz (8) made extensive studies in 
which both acid and aminoalcohol portions 
of the molecule were subjected to variation. 
It was his conclusion that of the many 
compounds which he studied, all were of 
more or less the same activities with the ex- 
ception of the benzilic esters which were at 
once appreciably more toxic and significantly 
more effective. All the compounds possessed 
both neurotropic and musculotropic action, 
but the benzilic acid esters more closely re- 
sembled atropine. More recently, Halpern_ 
(9) has investigated an even larger series 
which included aliphatic acids as well as the 
more customary aromatic acids. He drew 
several important conclusions, among them 
that the aminoalcohol determines the nature 
of the action and the acid the intensity of the 
action. He found the aminoethanol and 
aminopropanol derivatives to be principally 
neurotropic in their action, the amino- 
pentanols principally musculotropic, and 
the esters of p-hydroxypiperidine inactive. 
In the case of the esters of aliphatic acid he 
found that it was necessary for the acid to 
have at least six carbon atoms in order to 
exhibit spasmolytic action while, on the 
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other hand, all aromatic esters had spas- 
molytic action with the exception of those of 
p-nitro and p-aminobenzoic acid. It was 
Halpern’s opinion that the esters of the aryl 
aliphatic acids were of even more interest, 
the maximum effect being observed in the 
case of the benzilic acid esters. He con- 
cluded finally that the a-phenylaliphatic 
acids afford the most useful compounds, 
the action increasing with the length of the 
aliphatic chain up to amyl and then de- 
creasing, and the best compound which he 
secured in his studies was the diethylamino- 
ethanol ester of a-phenylvaleric acid. 
Other authors have confirmed and extended 
(10) these studies on aryl-aliphatic acid 
esters. 

Lehmann and Knoefel (11), in a publica- 
tion which reported the pharmacologic 
activity of a fairly extensive series of com- 
pounds, appear to agree with Halpern’s con- 
clusion that the aminoalcohol determines the 
nature of the action while its intensity is 
modified by the acid group employed. In 
their article they described a number of 
compounds which are far more active than 
the phenylvalerate of diethylaminoethanol 
which Halpern had preferred, while the best 
of their own series was the fluorene-9- 
carboxylic acid ester of diethylaminoethanol. 
This compound had about one-seventh the 
activity of atropine in suppressing acetyl- 
choline spasm (neurotropic) whereas it was 
50% more active than papaverine against 
histamine or barium chloride spasm (muscu- 
lotropic). Thus, in this compound (now 
marketed as Pavatrine), the objective 
appears to have been achieved of securing a 
single molecule, highly active as regards its 
papaverine-like action and yet with the 
atropine-like activity retained to a signifi- 
cant extent. 

A further conclusion reached by Lehmann 
and Knoefel is that local anesthetic action 
appears to correlate more closely with muscu- 
lotropic action than with other properties. 
In this connection, it is quite interesting to 
note that atropine is essentially devoid of 
local anesthetic action. However, introduc- 
tion of a carboxymethyl group into the 
tropine portion and replacement of tropic 
acid by benzoic acid leads to cocaine and 


this compound, while one of the most 
potent local anesthetics, is for all practical 
purposes devoid of spasmolytic action, 
Moreover, this marked change is not entirely 
due to the benzoic acid, for other benzoyl] 
esters have been reported (12) with spas- 
molytic activity. 

Fluorene has been the basis of two addi- 
tional series of antispasmodics. The esters 
of 9-hydroxy-9-fluorene carboxylic acid are 
claimed in patents by Wolfes and Hromatka 
(13) whereas Ray and Rieveschl (14) have 
described a number of esters of 1-, 2- and 4- 
fluorenonecarboxylic acids. Esters of several 
other acids and aminoalcohols have been 
described within quite recent date. The 
cyclohexylphenylacetic acid ester of di- 
ethylaminoethanol is a fairly new develop- 
ment which has been reported (15) some- 
what more active than Trasentin (of which 
it is a variant) with but little increase in 
toxicity. Cheney and Bywater (16) and 
also Rowe (17) described certain morpholine 
esters and the pharmacology of some of 
them has been recently reported (18). 
Lewis, Lands and Geiter (19) have prepared 
a series of p-xenyl acetic acid esters. Burtner 
and Cusic (20) have reported on the basic 
esters of a number of polynuclear carboxylic 
acids, some of them heterocycles. 

To sum up certain of the results on the 
atropine type of compound, and toshow what 
varying activities may be produced by 
changes of structure, Table I has been pre- 
pared. The data have been taken from the 
paper of Lehmann and Knoefel (11) and the 
table shows the combinations of a series of 
four typical acids with four amino alcohols. 

Acid derivatives other than with amino- 
alcohols have also been reported as possess- 
ing spasmolytic activity and among these 
are various amides. The amides of a series 
of substituted acetic acids have been de- 
scribed (21) and one of them, tri-n-butyl- 
acetamide has been introduced as an anti- 
spasmodic, under the name of Jecundal. 
Amides of acids containing longer carbon 
chains are the subject of a patent by Junk- 
man and Allardt (22). A series of dialkyl- 
aminoalkyl amides which are claimed to 
resemble atropine in their action are covered 
(23) by a patent. 
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Still different in type are the alkyl esters 
of certain acids, substituted with one or 
more nitrogens. Two series which may be 
included under this heading are described 
jin the patent literature (24), and a third in 
an article by Hoffmann (25). A recent de- 
velopment which has received considerable 
attention is the ethylester of 1-methyl-4- 
phenylpiperidine-4-carboxylic acid. This 
compound, known under the name of 
Demerol, has been claimed (26) to be a 
potent antispasmodic of principally muscu- 
lotropic type. In addition, however, it 
appears to be highly analgesic in its action 
so that it is suggested as a substitute for 
morphine in many indications. Data are 
as yet inadequate to permit its complete 
evaluation. 

A totally different approach to the problem 
of synthetic antispasmodics is found in cer- 
tain amines. One of the earliest of these to 
be introduced into clinical practice was 
Octin, an octenyl methylamine. The phar- 
macology of this compound was given in a 
series of publications (27) which reported it 
to be appreciably longer acting than papaver- 
ine but to resemble the latter in being 
musculotropic in action. It does, however, 
have a number of other effects, prominent 
among these being a pronounced sympa- 
thomimetic activity. It appears to have 
negligible atropine-like action. Ethyl- 
amines with spasmolytic properties are 
described by Klavehn and Wolf (28) and by 
Junkman (29). Certain more complex 
amines were described by Heyn (30), 
Burchell and Varco (31) and by Rosen- 
mund (32). The latter reported favorably 
upon a compound which is di-(y-phenyl- 
propyl)-ethylamine and which has been 
introduced under the name of Sestron. The 
most comprehensive studies upon the sec- 
ondary and tertiary amines are due to Blicke 
and co-workers (33). Much of their work 
has been reviewed (34) and part of it is a 
subject of a patent (35). One of the pre- 


TABLE I 


* The figures in the table give, in order: (1) the activity 
of the substance against acetyl choline spasm (muscula- 
tropic), (2) against histamine spasm (neurotropic), (3) the 
anesthetic action (duration in minutes of a 1% solution ina 
rabbit's cornea) and (4) the toxicity (LDw in Gm./Kg., 
intraperitoneal in white mice). 
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ferred compounds of these series, methyl- 
bis-8-cyclohexylethylamine, has been intro- 
duced (36) as Cyverine. Several derivatives 
of the cyclic amine, 3-phenylpiperidine, 
have been found to be antispasmodic (37). 
Although the majority of the compounds 
described above have at least one phenyl or 
substituted phenyl radical, a different ap- 
proach is given by Mulinos and Disick 
(38) who report the spasmolytic properties 
of a series of furyl and difurylamines. 

The above groups by no means include all 
of those compounds which have been de- 
scribed in the literature as having anti- 
spasmodic action. They do, however, in- 
clude the majority of the newer develop- 
ments in this field. Among isolated ex- 
amples might be included the fact that 
histidine in high concentration has been 
reported (39) to antagonize the spasmodic 
effects of histamine, amidopyrine has been 
recently mentioned (40) as being antispas- 
modic and a patent to Eisleb (41) describes a 
series of 4-arylpiperidine ketones which have 
antispasmodic activity. Many other iso- 
lated examples could be included. 

It will be noted that compounds like 
epinephrine, ephedrine and benzedrine have 
been omitted in the above discussion. This 
omission might be questioned in view of the 


well-known utility of such substances in 
effecting bronchial dilatation, for example, 
in the treatment of asthma. The explana- 
tion resides in the fact that up to now we 
have been concerned with the functioning of 
the parasympathetic nervous system. Op- 
posing the parasympathetic nerves, are the 
sympathetic nerves and these are stimulated 
by epinephrine and its related compounds 
(the so-called sympathomimetic group), 
Thus, while atropine abolishes spasm of the 
bronchiols produced by parasympathetic 
stimulation, it does so as a true spasmolyte 
by inhibiting such stimulation. Epine- 
phrine, on the other hand, by stimulating 
the sympathetic nerves, imposes a different 
and frequently greater relaxation, the mus- 
culature becoming maximally relaxed. For 
this reason, while the sympathomimetic 
drugs are of extreme clinical utility and im- 
portance, they do not have a place in a dis- 
cussion confined to antispasmodics. 

Research on synthetic antispasmodics is 
continuing in many laboratories and the 
problem is being attacked from many 
angles. There is every reason to believe 
that the next few years will witness progress 
quite as great as any that has been made in 
the past, contributing to the better and more 
effective practice of medicine. 
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Studies in the Pharmacology of Mercury 
I. Water-Soluble Dispersion of Mercury* 


By Thomas H. Maren and B. B. Edwardst 


Certain long-chain saturated aliphatic 
compounds exhibit arrests in their cooling 
curves which reveal enantiotropic modifica- 
tions in crystal structure. Meyer and Reid 
(1) investigated fatty alcohols, acids and 
esters in this connection, and found that all 
saturated straight-chain alcohols from Cy 
to Cis showed this property in varying 
degrees, and that fatty acids of uneven 
carbon atoms (C3 to Cy) in this range, as 
well as the ethyl esters of these acids, also 
showed a lag in the time-temperature cool- 
ing diagram. The change in structure which 
accompanies these arrests is that from a 
well-defined geometric crystal to an amor- 
phous powder, and usually takes place, 


* Received May 17, 1943, from Wallace Labora- 
tories, Inc., New Brunswick, N. J. 

+ We wish to thank Miss Blanche Kohut and Mr. 
Edward J. Foley for their kind assistance during this 
investigation. 


exothermically, about 5° below the melting 
point of the waxy alcohol, acid or ester. 

These enantiotropic changes are cited 
as a theoretical basis for our findings that 
certain of these waxes can absorb metal- 
lic mercury in considerable amounts. As 
these waxes, notably cetyl alcohol, are 
readily emulsified to form systems in which 
water is the continuous phase, we have 
been able to make aqueous colloidal dis- 
persions of mercury for dermatological use, 
and for trials in the prophylaxis of syphilis 
and gonorrhea. This paper is a prelimin- 
ary report on certain aspects of the mercury 
dispersion. 


CHEMICAL PART 


Formation of the Mercury-Wax Suspension.— 
Seventy grams of cetyl alcohol is melted with 30 Gm. 
of metallic mercury (I). The liquefied wax shows 
no affinity for the mercury. The 2 liquids are 
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cooled, and stirred constantly. Shortly after the 
cetyl alcohol has solidified (50°) the mercury 
globules disappear, and are absorbed into the wax. 
Continuous stirring to about 35° will insure absorp- 
tion of all the metal. The resulting product is a 
gray amorphous wax with most of the characteris- 
tics of cetyl alcohol. Reheating the mercury-wax 
yields molten cetyl alcohol, colored gray by the 
mercury, with suspended particles of the metal in the 
liquid and adhering to the vessel. No mercury 
globules reappear, which seems to indicate that the 
metal has undergone rather profound physical 
change. 

Microscopic examination of (I) shows mercury 
particles 10-12 u in diameter, and areas where the 
gray wax is continuous. This may indicate that 
part of the mercury is actually dissolved in the cetyl 
alcohol or is in extremely fine colloidal dispersion. 
The wax may be extracted from the metal by twice 
its weight of warm ethyl alcohol. Residual mer- 
cury may be weighed if accurate analysis is desired. 

Formation of Aqueous Dispersion of Mercury.— 
The metal-wax (I) mixture is stable and uniform, 
and is used as the base for an emulsion of the fol- 
lowing percentage composition: 


Formula IT 
Ingredients Per Cent 
) 20 (14% cetyl alcohol, 
6% mercury) 


Duponal M. E. (princi- 


This emulsion is made by heating all the ingredi- 
ents, with constant stirring, to 60°. The resulting 
liquid emulsion is then stirred down rapidly; the 
cream reaches its final state at about 35°, at which 
point it is a smooth gray dispersion. If it is desired 
to obtain a softer or more dilute cream, up to 4 
times its weight of weight may be added, with stir- 
ring, to the finished formula II. These creams will 
have the same characteristics as simple emulsion of 
cetyl alcohol. They are marked by their versatility 
and stability. Wetting agents, humectants, and 
many other drugs may be incorporated into the 
vehicle. The numerous advantages of this type of 
hydrophilic base have been pointed out in a recent 
publication of the AMERICAN PHARMACEUTICAL 
ASSOCIATION (2). 

A modification of the above formula, which has 
the desirable characteristic of wetting, penetra- 
tion and ready dispersion in aqueous media, was 
adopted for this investigation (III). 

This is a stable, water-soluble vanishing cream, 
containing 3% mercury. The cream containing 
an equivalent amount of calomel, identical in all 
other respects, is designated IV. Two other for- 
mulas used in these investigations are V and VI. 
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Formula ITI 
Ingredients Per Cent 
See 10 (7% cetyl alcohol, 
3% mercury) 
Duponal M. E......... 0.5 
Aerosol O. T. (Na salt 
of dioctyl ester of 
sulfosuccinic acid)... 2 
5 
Formula V 
Ingredients Per Cent 
14 
Sodium lauryl sulfate........... 1 
10 
Dioctyl sodium sulfosuccinate 2 
67 
Formula VI 
Ingredients Per Cent 
13 
Sodium lauryl sulfate........... 1 
10 
Dioctyl sodium sulfosuccinate.... 2 


PHARMACOLOGICAL PART 


Toxicity —Massive inunction of mercury in the 
treatment of syphilis has been used long before the 
era of chemotherapy. In recent times, Cole and 
associates (3) recommend, for example, 9 Gm. of 
mercury weekly over long periods of time, adminis- 
tered as mild mercurial ointment U. S. P., by the 
inunction method. No pathological manifestations 
were reported in the patients treated. Mercury is 
extensively absorbed from the intact skin, and is 
rapidly taken up from the blood stream and de- 
posited principally in the kidney and liver. Ex- 
cretion begins immediately and continues for a con- 
siderable time (4). Doses administered by inunc- 
tion, therefore, are considerable, and demonstrate 
that mercury can safely be administered in com- 
paratively large quantities. However, because of 
the profound difference in the physical properties 
of U. S. P. mercurial ointment and the water-soluble 
dispersion of mercury, we decided to establish toxic- 
ity data directly on formula III described above. 

Subcutaneous injections of 0.5 and 1.0 ml. of III 
into each of 8 mice produced no fatalities after 7 
days. Injections under similar conditions, with 
equivalent amounts of calomel in the same type of 
vehicle (IV), produced 7 deaths out of 8, in 3 days. 
In another series, each of 36 mice was given a sub- 
cutaneous injection of 0.014 cc./Gm. of body weight 
of 1% mercury ointment (made by dilution of for- 
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mula III), and an equal number were given an 
equivalent dose of calomel ointment (prepared by 
dilution of formula IV). In the group injected 
with the metallic mercury preparation, there was 
no necrosis at the site of injection after 7 days. 
At this time the mice that received calomel showed 
large gaping holes in the skin. This phenomenon 
did not occur in the mercury group until 10 to 12 
days after injection. Although the manifestations 
were the same in general, they were less severe in 
nature, in the case of the mercury-treated mice. 
These lesions disappeared after about 30 days in 
both sets of mice. Histological study of the injec- 
tion sites, as well as analyses and histopathology of 
organs, tracing the course of distribution of the 
drugs over a period of 6 weeks, will be the subject 
of the second paper of this series by the workers in 
this laboratory. Our gross preliminary observations 
serve to show that after subcutaneous injection, 
calomel produces death and tissue damage much 
more rapidly than does metallic mercury in similar 
dosage and vehicle. 

Inunction of 1 Gm. of formula V (6% mercury) 
on the dorsal surface of guinea pigs produced no 
toxic manifestations in 6 animals treated. An 
area of 40 sq. cm. was covered. The fur had been 
removed from the backs of the animals several days 
before inunction. No abrasions were noted. The 
animals were kept in small boxes, with their heads 
exposed. Three animals were sacrificed at 24 hours, 
and three at 48 hours. The organs appeared normal 
grossly, with the exception of the kidneys, which ap- 
peared slightly swollen and hemorrhagic. The skin 
surface was somewhat erythematous. Using for- 
mula VI (7% calomel) under similar conditions, 
severe erythema was observed on the ununcted area, 
and the skin surface was edematous. 

By injection and inunction of animals with large 
doses of mercury emulsion we have shown that 
toxic manifestations are slight. Calomel, by com- 
parison, causes considerable damage to the skin, as 
well as fatalities in doses where the free metal is not 
toxic. The slight tendency for calomel to dis- 
sociate with formation of Hg** ion probably ac- 
counts for this difference. A further possibility, 
which will be more fully developed in the second 
paper of this series, is that the mercury adminis- 
tered in the form of calomel has a tendency to ac- 
cumulate in the liver. This does not take place to 
the same extent in metallic mercury administration. 


Percutaneous Absorption of Mercury Disperston.— 
It has been demonstrated, notably by Wile and 
Elliott (5) and Schamberg, Kolmer and Raiziss (6) 
that mercurial ointment U. S. P. penetrates the 
intact skin. We wished to establish data on water- 
soluble mercury emulsion, and compare this pene- 
tration picture with that of calomel in a similar 
vehicle. Sollman, et al. (7), have indicated that in 
inunctions of 50% mercurous chloride (calomel) 
and 50% mercury U. S. P. the excretion level in 
humans is 8 times as great for the latter prepara- 
tion. Wile and Elliott (5) showed that mercury 


appears in the urine of mercury-inuncted rabbits 
several days before it is excreted from calomel- 
treated animals. Cole and Littman (8) reported 
startling clinical failure of calomel in the treatment 
of syphilis by inunction. Using doses equivalent to 
that normally used for mercury inunction, 54% of 
the patients treated failed to show any salivation, 
and 81% showed no clinical improvement. Of this 
large number, more than half grew worse, and the 
rest showed nochange. In some cases acute syphili- 
tic iritis was observed. Cole believed, as a result of 
this experiment, that ‘‘any amount of calomel was 
useless’ by the inunction route. In some cases, 
calomel was abandoned and mercury rubs were 
started. Striking improvement was observed in a 
very few days. 

These observations concerning excretion and sali- 
vation indicated that calomel was absorbed rather 
slowly through the skin in comparison to metallic 
mercury. We wished to measure this directly and 
quantitatively, using our water-dispersible base as 
the vehicle. Inasmuch as mercury is deposited in 
the kidney and liver from the circulating tissue, 
analysis of these organs (very largely the kidney) 
should be the measure of absorption into the body. 
Our work on the fate and distribution of mercury 
and calomel in mice, referred to above, and to be 
published as the second paper of this series, showed 
that this can be used as the measure of absorption 
for either drug. 

The experimental technique was as follows: 
Rabbits weighing approximately 2 Kg. each were 
clipped on the dorsal surface over an area about 
10 x 20 cm. Extreme care was taken to avoid 
abrasions and each animal was inspected for breaks 
in the cutaneous surface. They were then inuncted 
with the emulsions according to the dosage shown in 
Table I. The cream was spread evenly over the 
surface, for several minutes. After the cream was 
applied a strip of brown paper was wrapped around 
the central part of the animal’s body and secured 
with scotch tissue, completely covering the inuncted 
area. A rubberized sleeve protector, with elastic at 
both ends, fitting securely at the neck and haunches, 
was slipped over the animal, covering the paper and 
leaving the head and haunches exposed. Two slits 
permitted the exposure of the front legs. An 
Elizabethan collar made of heavy cardboard was 
placed around the rabbit’s neck to prevent chewing 
of the envelope. These precautions were taken to 
prevent ingestion and inhalation of the drugs. It 
appears to be more humane than using stocks, as 
the animal is free to exercise. The rabbits, thus 
treated, were put in freshly scrubbed cages. 

Table I shows the levels of mercury in liver, kid- 
ney, blood and urine and brain at intervals up to 72 
hours. It will be observed that for the first time- 
interval in each case a nephrectomy was performed, 
and the animal was permitted to live until the sec- 
ond time-interval, when the second kidney was re- 
moved and the liver and brain also taken for analysis. 
Animals used for the 72-hours, or third interval, how- 
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ever, were not subjected to any previous operation. 
The middle time-interval given, therefore, repre- 
sents an experimental technique by which we have 
attempted to measure absorption at successive inter- 
valsinasingle animal. The analyses taken after the 
operation are indicated in the table; they are not 
presented as definitive data, but as a suggestion that 
the technique may be useful. It will be observed 
that these figures do fall in line between the other 
analyses, and they are useful in this case, where a 
direct comparison between calomel and mercury is 
involved, and the same technique is used for both. 


TABLE I.—ABSORPTION OF MERCURY AND CALOMEL IN RABBITS 
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Four healthy male guinea pigs, weighing approxi- 
mately 400 Gm. each, were given 3 urethral instilla- 
tions of 1 cc. of III (3% mercury) over a period of 
several days. The dose was administered with a 
syringe, and the tip of the penis was carefully cleaned 
after each treatment. The animals were sacrificed 
on the third day, and the organs analyzed. The 
liver and kidneys, analyzed together in each of the 
4 animals, showed 2, 3.5, 4 and 4.2 mg. of mercury per 
Gm. organ. A blood analysis was done on the day 
preceding sacrifice and the picture was entirely 
negative. Although no cream was visible after 


Analysis of Organs and Fluids Expressed as 


Rabbit Dose, Micrograms/Gm. Tissue 
No. Gm. Formula Time, Hr. Comments Kidney Urine Liver Blood Brain 
72 5 V (6% Hg) 14 1 kidney removed 7 0 ' 0 : 
72 5 V (6% Hg) 38° Animal sacrificed 28° je ie 0 02 
71 3 V (6% Hg) 72 ~— Sacrificed 50 28 15 1.5 O 
74 5 VI (7% calomel) 17 1 kidney removed Trace 0 ’ 0 ; 
74 5 VI (7% calomel) Animal sacrificed 2.5% Trace* Trace* 0 
75 5 VI (7% calomel) 72 Sacrificed 5.5 Trace Trace 0 
73 1 V (6° Hg) 24 1 kidney removed 4.4 0 Pai 0 
76 1 V (6% Hg) 24 1 kidney removed 
(duplicate of R.73) 4.0 0 0 
73 1 V (6% Hg) 48* Animal sacrificed 7.0%. Trace* Trace* (* 02 
76 1 V (6% Hg) Animal sacrificed (du- 6.2° 02 02 
plicate of R.73) 
77 1 VI (7% calomel) 24 1 kidney removed 0 0 oe 0 ; 
77 1 VI (7% calomel) Animal sacrificed (2 02 


® These data were taken following removal of one kidney 


Analysis of the organs was done by a modifica- 
tion of the colorimetric dithizone method. This is 
described in a separate paper by the senior author 
(9). Tocheck against contamination of instruments, 
gloves, etc., washings from these were routinely 
analyzed for mercury. All findings were negative. 

At the time that the animals were sacrificed, 
there was no evidence of gross pathological damage. 

From Table I it appears that metallic mercury 
readily penetrates the skin of rabbits, and that even 
a small dose (1 Gm. of 6% mercury ointment or 0.06 
Gm. mercury) gives an appreciable kidney level. 
This rises progressively with time; 
mercury is excreted, although slowly, by the kidney. 
Calomel penetrates the intact skin very much less 
readily. From the kidney levels obtained, it ap- 
pears that mercury penetration is of the order of 10 
times that of calomel. This agrees with the observa- 
tion of Sollman (7) cited above, concerning excre- 
tion, and the clinical failure reported by Cole and 
Littman (8). It may further be observed that 
there is an orderly linear relationship between time 
and dosage, so that it is possible to predict with some 
degree of precision what the effect of a given per- 
cutaneous dose will be. 

Penetration Studies on Urethral Mucosa.—We 
wished to extend our investigation to the study of 
penetration of mercury (in water-dispersible form) 
through mucous membranes, particularly that of the 
male urethra. 


simultaneously 


administration, and none seemed to exude from the 
penis, the stomach walls were analyzed to deter- 
mine whether any mercury was ingested. No mer- 
cury was found. The urinary bladder and con- 
tents were analyzed and found to contain only a trace 
of mercury. 

In view of the comparatively large contents of 
mercury in the liver and kidney, the trace found in 
the bladder was not considered significant, and we 
concluded that there was no mechanical deposition 
of mercury into the bladder during instillation. 
Histological examination of the urethra disclosed no 
pathological changes in any of the guinea pigs. 

It may therefore be concluded that mercury from 
III was absorbed through the penile mucosa into the 
The amounts found after 
massive doses were less than 5 ug. per Gm. organ, 
and no pathological change was involved, but the 
experiment demonstrates clearly that penetration is 
achieved through the mucosal tissue. 

Histology and Bacteriology—These will be re- 
ported in separate publications. As was expected 
from the known oligodynamic properties of mercury, 
pronounced bactericidal and bacteriostatic effects 
have been observed in laboratory tests with mer- 
cury dispersions of the type of formulas III and V. 

Effect of Mercury Emulsion on Mucous Membrane. 
—In addition to the experiments recorded above, in 
which laboratory animals received repeated doses of 
III by the urethral route, without any evidence of 


tissues of the body. 
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tissue damage, male volunteers received a similar 
treatment. In five subjects, 4 Gm. was given twice 
daily for 3 days. There was no irritation, or com- 
plaint of any kind. Tests for irritation in rabbits’ 
eyes also proved completely negative. 


SUMMARY 


1. Data have been presented on the 
absorption of mercury by cetyl alcohol, 
and on the general subject of the crystal 
structure of aliphatic waxes. 

2. A_ stable-water-dispersible emulsion 
of mercury has been described. 

3. The relative safety of this product, 
administered by injection or inunction, 


has been demonstrated. By injection it is 
less toxic than a corresponding calomel 
emulsion, and it is less injurious to normal 
tissue. It is readily tolerated by the ure- 
thra. 

4. The mercury emulsion penetrates 
the skin and the mucosal wall of the urethra. 
Percutaneous absorption, measured by an- 
alysis of organs, is very much more rapid 
than that of calomel, in a similar vehicle. 

5. The product is nonirritating, clean- 
and water-soluble. It should be of value 
in dermatological use and offers possibilities 
in the field of venereal prophylaxis. 
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Puerto Rican Fatty Oils 
III. The Composition of the Solid Fraction of Expressed Avocado Pulp Oil*:t 


Conrado F. Asenjo and José A. Goyco 


In an earlier communication on the liquid 
fraction of pressed avocado pulp oil (1) 
the authors' reported that, on standing, 
whole avocado pulp oil deposited a solid 
white fraction. This substance amounted 
to nearly 8% by weight of the original whole 
oil and was completely removed by suc- 
cessive freezing and filtration. The solid 
material thus recovered was washed with 
alcohol, wherein it is insoluble, and then 
dried under suction in a Biichner funnel. 
The alcohol removed the adhering oil and 
left a snow-white, fat-like substance in the 


* Received March 28, 1943, from the Department 
of Chemistry of the School of Tropical Medicine 
of the University of Puerto Rico, under the auspices 
of Columbia University, New York City. 

+t This work was supported by a grant from the 
Puerto Rican Dept. of Agr. and Commerce. 

‘The authors are indebted to Dr. D. H. Cook, 
head of the Department of Chemistry for his con- 
stant encouragement and coéperation. 


funnel. It is this white, fat-like substance 
to which we give the name of solid fraction 
of avocado pulp oil in this paper. The 
sample used was about 2 yrs. old. 


The presence of a solid fraction in avocado 
pulp oil was observed and described for the 
first time, as far as we know, by Malowan 
(2) in 1937. He was examining a sample of 
Panama avocado pulp oil when he separated 
a solid white deposit which amounted to 
nearly 10% of the whole oil. However, 
Malowan did not investigate this fraction 
chemically since he was only interested in 
determining the characteristics of the liquid 
fraction of the oil. The present com- 
munication is concerned with the determina- 
tion of the principal characteristics of the 
fat and with a partial quantitative estima- 
tion of the acids therein. 
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EX PERIMENTAL 


Characteristics of the Solid Fraction of Avocado 
Pulp Oil——By using the methods of analysis of the 
Association of Official Agricultural Chemists (3), 
the following characteristics were determined as 
shown in Table I. 


TABLE I.—CHARACTERISTICS OF THE SOLID FRAC- 
TION OF PueRTO Rican Avocapo PuLp OIL 


Melting point, ° C. 58. 


) 
Saponification no. 212.2 
Iodine no. (Hanus) 24.5 
Unsaponifiable matter, “; 0.5 
Saturated acids (corrected), 56.6 
Unsaturated acids (corrected), % 36.2 
Acid value 6.9 
Reichert-Meissl no. 2.6 
Polenske no. 0.4 


The melting point of this fat was rather high. 
The low percentage of unsaturated acids, as well as 
the low iodine number, indicated little unsaturation 
This solid fraction became rancid very quickly, 
due to loss of antioxidants, present in the original 
oil, with the liquid fraction, leaving the solid fat 
devoid of its protective substances. 

Unsaturated Acids.—Bromination of the unsatu- 
rated acids in the usual manner showed the absence 
of linolenic and linolic acids. The iodine number 
of the unsaturated acid fraction, 71.5, indicated the 
presence of oleic acid with some impurities. No 
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further identification work could be done on this 
fraction for lack of material. The percentage 
of oleic acid was calculated by using the iodine 
number of the unsaturated acid fraction. 

Saturated Acids—The saturated acid fraction 
amounted to 56.6% of the fat. It had a melting 
point of 63° C. and had a mean molecular weight 
of 256.8, that is, just a trifle more than the molecular 
weight of palmitic acid (256.25). The sample of 
saturated acids was crystallized into 5 fractions from 
95% ethyl alcohol. All of these fractions melted 
at temperatures ranging from 62° to 64° C. The 
corresponding anilides prepared from them melted 
at 89° C., a melting point which corresponded very 
closely to that of palmitic acid anilide (m. p. 90° C.), 


CONCLUSIONS 


Considering the limited amount of work 
done on the material available, we con- 
cluded that this solid fraction of avocado 
pulp oil contained 56.6% palmitic acid, 
28.9% oleic acid and 0.5% of unsaponifiable 
matter. 
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The Nature of the Pressor and Depressor Factors 
Derived from the Kidney* 
By Raymond Jonnard and Marvin R. Thompson 


The importance of renal derangement in 
the pathogenesis of arterial hypertension in 
man and experimental animals has been es- 
tablished upon a considerable number of 
observations. There is, however, a great 
deal of controversy regarding the causative 
principle active in the production of the 
vasotonic responses elicited thereby. It is 
still obscure whether renal hypertension is 
the result of a direct effect of some normal 
or abnormal renal factor (renin, angiotonin 
and related substances) generated in the 
kidney under certain pathological or ex- 
perimental conditions, upon the vascular 
walls, or whether such agents or conditions 
elicit such reactions indirectly by affecting 

*From the Warner Institute for Therapeutic 
Research, 113 West Eighteenth Street, New York 
City, N. Y. 

Presented to the Scientific Section, A. Pu. A., 
Denver meeting, 1942. 


the functional activity of endocrine glands 
(adrenal, pituitary) or the nervous system, 
or by interference with the metabolic utili- 
zation of melanin-like bodies and their phe- 
nolic precursors. Doubts, moreover, exist 
as to whether or not the same causative 
mechanism prevails in the production of 
acute renal hypertension and in that of the 
chronic form. 

Studies dealing with the physicochemical 
and biological properties of the various ex- 
tracts prepared from normal or diseased 
kidneys, and used extensively in the ex- 
perimental work referred to, have not greatly 
clarified the existing confusion. The use of 


impure products in these investigations has 
added to the difficulties normally encount- 
ered in the interpretation of the results ob- 
tained. The few known chemical proper- 
ties of these extracts have been inferred in 
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the main from their solubility characteris- 
tics, which cannot be conclusive due to their 
complexity. 

The following experiments were con- 
ducted to obtain additional information on 
the physicochemical properties of the various 
and incompletely studied fractions of kid- 
ney extracts possessing vasopressor and de- 
pressor qualities. An attempt was made to 
correlate the modalities of their different 
physiological actions with the fractiona- 
tion procedure. 

EXPERIMENTAL 
PREPARATION OF THE KIDNEY EXTRACTS 


Hog kidneys were extracted with various sol- 
vents: saline (63), dilute alkali (63, 73), dilute acids 
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(77, 36), acid-alcohol (46, 47) and acetone (63, 37). 
These experimental procedures and others (1, 2, 3, 
4, 11) are summarized in Table I. The extracts ob- 
tained exhibit marked differences in their properties, 
as shown in Table II. 

The present studies have involved principally 
alcohol and acetone extracts and their fractionation 
products, since they have been the subject of the 
most controversy as to their vasotonic and physico- 
chemical properties. The methods employed in 
alcohol and acetone extraction, moreover, are least 
likely to result in structural modification of the 
naturally occurring substances. The starting ma- 
terial was the dilute acetone-soluble substance ob- 
tained during the acetone treatment of fresh frozen 
hog kidneys prior to the extraction of renin (85). 

A. Dilute Acetone Extracts —Unless enormous 
volumes of solvents are used, the 70% water content 
of the kidney tissue dilutes the extracts, thus con- 


TABLE I.—-COMPARATIVE PROPERTIES OF SOME VASO-MoToR KIDNEY EXTRACTS 


Solubility 
~ ~ Thermal 
Ammonium 95% Stability, 
Author Date Method of Extraction Sulfate Alcohol Ether Acetone Water "eS 
Bingel, A., and 1909 6-14 days kidney = _ _ _ + 60 
Strauss, E. autolysate under 
xylol 
Tigerstedt, R.,and 1898 Aqueous extract 56 
Bergman, P. G. 
1908 Urohypotensin from  Precipitate + + 112 
Abelous, J. E., and urine 
Bardier, E. 1908 Urohypertensinfrom Precipitate + - + + 110 
urine 
Richet, C. 1917 Alkaline perfusion Precipitate Precipi- 100 
tate 
Roger, G. H., and 1927 Acid extract Precipitate +- 
Binet, L. 
Braun-Menendez, 1940 MHypertensin 60% + 100 
E., et al. 
1940 Depressor 0.6 satura- 70% 57 
tion 
H. Page, I. 1935 Renin 0.5 satura- 56 
tion 
Jablons, B. 1935 Depressor solution + 60 
extract in acid- 
alcohol mixture 
Grollman, A., etal. 1938 Depressor extract Precipitate - - 50% + 58 
TABLE II.—PHYSIOLOGICAL PROPERTIES OF SOME KIDNEY EXTRACTS 
Physiological Respc 
Effect on Effect on Effect on Miscellaneous 
Author Nature of Extract Blood Pressure Respiration Heart Rate Observations 
Bingel, A. Autolysate 
Tigerstedt, R. Aqueous extract Hypertensor Regulator 
Abelous, J. E., Urohypotensin Desirable vaso- Polypnea and Hypothermia, 
and Bardier, E. dilatator myosis, salivation 
Urohypertensin Vaso-constrictor Polypnea Acceleration one 
Richet, C. Alkaline perfus- Hypertensor 
ate 
Roger, G. H. Acid extract Hypertensor Syncope Inhibition Antagonist: atropine 
Braun-Menendez, Hypertensin Hypertensor No effect 
Page, I. H. Angiotonine Hypertensor wink No effect 
Page, I. H. Renin Hypertensor No effect Disturbance of 
electrocardi- 
ograms 
Jablons, B. Depressor Hypotensor No effect rye oe 
Grollman, A. Depressor Hypotensor No effect Inhibitor 
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siderably modifying the extracting efficiency of the 
solvent. Such dilute acetone should extract sub- 
stances related to the nucleins, some lipids, phospho- 
lipids, some globulins, a certain proportion of the 
lipo-proteic complexes, a large number of free amino 
acids and bases, and some mineral salts. Frozen 
ground kidney cortex was treated with 2 parts by 
weight of ice-cold acetone followed by a second ex- 
traction with 1 part of ice-cold acetone and a final 
extraction with 1 part of ether. From direct meas- 
urements, it was found that the first acetone extract 
contained 35% of water (by volume), the second ace- 
tone extract contained 20°, while the ether con- 
tained 5% of water (saturation). 

For the purpose of making preliminary tests, 
fractions of the first and second acetone extracts and 
of the ether extract were rapidly dried in vacuum 
below 40° C., redispersed in saline (1 L./Kg. of 
fresh kidney cortex), neutralized to pH = 6.5, and 
protected with merthiolate. 

B. Fractionation of the Acetone Extracts —Pre- 
liminary tests having shown that both first and 
second acetone extracts had qualitatively the same 
physiological action (although differing quantita- 
tively), these extracts were pooled prior to further 
fractionation (solution II a). 

After the acetone had been driven off in vacuum, 
the residue consisted of 2 fractions: a fatty sedi- 
ment and a milky emulsion. They were treated 
separately. 

The solid sediment was fractionated as follows: 


1. A portion was stirred in 80% alcohol and 
filtered. The alcohol-insoluble residue (containing 
merely proteins and salts) was redispersed in saline 
as III @ 1). The alcohol-soluble material was 
precipitated with 3 volumes of acetone; the pre- 
cipitate was taken up in saline (10 III a2). It con- 
tained mostly amino acids and amines precipitable 
by phosphotungstic acid (notably histamine, whose 
phosphotungstate is soluble in 80% acetone). 

2. A portion was dissolved in moist ether and 
extracted with saline. The ether solution contain- 
ing fats was discarded. The aqueous phase (phos- 
pholipids and proteins) was filtered and allowed to 
stand 48 hr. in a refrigerator after which a residue 
separated out which was soluble in saline (II a 4). 
The main filtrate after neutralization (II a 34) still 
contained the phospholipids yielding an insoluble 
cadmium salt upon treatment with cadmium sulfate. 

3. A portion was treated with ethylene dichloride 
and centrifuged. The aqueous layer obtained was 
neutralized (IIa17). The floating gel which sepa- 
rated was split into two main fractions: a water- 
soluble fraction and a fraction soluble in 80% 
alcohol. The water-soluble fraction was actually 
an emulsion. After fine filtration it yielded a clear 
filtrate containing mostly amines (II a 10) anda 
residue which was extracted with ether. The ether- 
soluble material (II a 112) contained fats and free 
fatty acids. The ether-insoluble residue contained 
a considerable amount of material soluble in 80% 
alcohol, which after isolation was dispersed again 


in saline and neutralized (II a 122). This fraction 
gave the general reactions for amino acids. A small 
amount of inorganic salts insoluble in alcohol was 
discarded. The fraction which was directly re. 
moved with 80% alcohol from the centrifuged gel 
contained some free fatty acids (II a 16). After 
evaporation of the alcohol in vacuum, a precipitate 
was removed. It was soluble in saline at pH = 49 
(II a 162). After neutralization of the filtrate, an- 
other precipitate was removed which was also 
dispersible in acid saline solution (II @ 151). The 
main neutral filtrate was tested directly (II a 152). 


The milky emulsion obtained above (10 III ¢) 
was submitted to a number of analytical procedures: 


1. A fraction was submitted to ultrafiltration on 
cellophane under 150 lb./sq. in. nitrogen pressure: 
a fluid residue of water-soluble material containing 
a considerable amount of protein (II 5) separated 
from a clear yellow filtrate (III 6). The material II} 
is also soluble in ethylene dichloride. 

2. The clear filtrate obtained above was frac- 
tionated as follows: The addition of ether formed a 
precipitate. The sediment obtained was soluble in 
saline after complete removal of the ether (II ¢ 2), 
The ether layer contained material completely in- 
soluble in all ether solvents and was discarded, 
The aqueous layer (II 6 d) was passed over acti- 
vated charcoal (the charcoal adsorbate was later 
eluted in saline (II c 3), and the filtrate was treated 
with 4 volumes of acetone after which 2 layers were 
formed; a top organic layer yielding, after evapo- 
ration, material soluble in saline (II c 5) anda 
bottom aqueous layer (II ¢ 4). 

3. Another fraction of the total emulsion de- 
scribed above was extracted with chloroform (re- 
moval of the sterol-like substances). After evapora- 
tion of the solvent, the residue was taken up in 
saline (10 III 6 20). 

4. Another fraction of the emulsion was ex- 
tracted with a mixture of equal parts of alcohol and 
ether (which removes the lipo-proteic complexes). 
After evaporation of the organic solvents, the ma- 
terial extracted was dispersed in saline (10 III } 10). 

5. Finally another fraction of the emulsion was 
treated with sulfuric acid (which removed the cal- 
cium), and the filtrate was saturated with oxalic 
acid; the organic oxalate (mostly amines) after 
liberation with a calculated amount of sulfuric acid 
was made up in saline (10 III 6 3), while the mother 
liquor was tested after complete dialysis against 
neutral saline (10 III 4 6). 


C. Fractionation of the Acidified Acetone Extracts. 
—The fact that Grollman has been able to prepare 
a potent substance soluble in 50° acetone by ex- 
traction of the kidney in 0.2 N HCl indicates that an 
active factor is stable toward acids. In order to 
check this point, a portion of the total acetone ex- 
tract described above was evaporated in vacuum at 
a temperature below 40° C. with progressive addi- 
tion of sulfuric acid until a final concentration of 
about 0.2 N was reached. The extract was further 
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fractionated as follows. After removal of a poorly 
water-soluble residue separable into completely in- 
soluble fats, suspended in saline (12 a 12) and 
sparingly soluble proteins (12 a 11), the mother 
liquor was treated with CaCO; (removal of free 
mineral and organic acids), filtered (filtrate 12 a 2), 
and passed over activated charcoal. The filtrate 
(12 a 3) was mixed with 2 volumes of acetone, a 
light precipitate being discarded, and the filtrate 
tested after removal of the acetone by evaporation 
in vacuum (12 a 6). The material adsorbed on 
charcoal was eluted in saline (12 a 4). 


D. Fractionation of the Ether Extract —Although 
preliminary observations have shown that the ether 
extract was deprived of action upon the blood pres- 
sure, the extract was further fractionated as follows 
in an attempt to verify that the physiological prop- 
erties were not masked by the large amount of fat 
present. The whole extract was emulsified in saline 
and filtered. The solid residue was extracted with 
ethylene dichloride and centrifuged. A residue of 
water-soluble material was tested separately (10 I 
a 3), and the organic extract, after removal of the 
solvent, was redispersed in saline (10 I a 4). This 
fraction contained mostly fats. The total saline 
solution obtained above, on the other hand, was 
purified of the suspended fat by extraction with 
ether. The ether extract obtained (10 I }) also con- 
tained some phospholipids and some sterols, and 
the aqueous phase (10 I c), from which a small 
amount of free fatty acids (10 I d) separated on 
standing a few days in the refrigerator, was tested 
after careful neutralization. 


E. Preparation of the Alcoholic Extracts.—Ex- 
tracts of the type of those described by Jablons 
(46) were made by using 95% alcohol (the final 
alcoholic concentration was 65%) containing 2° by 
volume of sulfuric acid. Lipids, free fatty acids and 
excess sulfuric acid were further removed with cal- 
cium carbonate. All material insoluble in less 
than 80°7 alcohol was eliminated after a first con- 
centration in vacuum at low temperature, and the 
residual fraction was made up in saline. This solu- 
tion was unstable and precipitated on standing. It 
contained a considerable amount of the vaso- 
depressor histamine recoverable in the form of ace- 
tone-soluble phosphotungstate. Consequently, in 
order to determine whether the same or like active 
substances were obtained by the other methods of 
kidney extraction reported above, a series of ex- 
periments was performed in which frozen kidney 
pulp was first extracted with acetone (batch 12), 
then extracted according to the Grollman method 
(batch 12 g 5) and finally extracted according to 
the Jablons method (batch 12 7). Results of the 
tests made on these fractions will follow later. 


F. Aqueous-Acid Extracts —Finally an aqueous- 
acid extract was prepared according to the method 
of Grollman (36), as it appeared to be interesting 
to compare the physiological properties of this 
product with that of the other diluted acetone ex- 


tracts (particularly batch 12) in the preparation of 
which comparable quantities of acid were used. 


METHOD OF ASSAY 


Adult cats and dogs under pentobarbital (nem- 
butal) anesthesia served as test animals. For the 
determination of the specific vasomotor action pro- 
duced by the various purified extracts prepared, the 
following methods of assay were used. Kymo- 
graphic records were taken in such a way that, 
whenever possible, evaluation of both systolic and 
diastolic arterial pressure and their variations were 
obtained together with other physiological reactions, 
such as electrocardiogram,. respiratory rate, ab- 
dominal plethysmograms, etc. The arterial pres- 
sure was recorded usually from the carotid artery. 
In a number of experiments these data were checked 
by determination of the blood pressure in the femoral 
artery by the insertion of a needle connected with a 
Thycos manometer, into the vessel. Electro- 
cardiographic recordings were made with a Cam- 
bridge-Einthoven string galvanometer. For pneu- 
mographic tests a pneumographic cuff was placed 
around either the chest or the abdomen of the ani- 
mals. The abdominal determinations were taken 
as indications of fluctuations in the filling of the 
abdominal vessels, providing simultaneous respira- 
tory rate and amplitude records warranted such 
interpretation. 

In the evaluation of the results obtained the fol- 
lowing method of recording was used: 


1. An effect upon the blood pressure (either + 
or —) which exceeded more than 10 mm. of Ag 
within 30 sec. to 3 min. after the injection was 
termed as ‘“‘marked.’”’ If the vasomotor effect re- 
turned within this period to normal, the action 
was recorded as “‘sharp."’ If the effect upon the 
blood pressure lasted more than 10 min. and as 
much as 3 hr. at times, it was noted as “prolonged.” 

2. Effects upon the arterial pulse exceeding 50% 
of the original amplitude and appearing within 30 
sec. to 3 min. after the injection were recorded as 
either + or —. 

3. Effects upon the heart rate exceeding 20% 
of the original value were listed as either + or —, 
as the case might have been. 


In the interpretation of the results obtained care 
was taken to eliminate nonspecific interfering fac- 
tors influencing the blood-pressure readings. 


RESULTS 
EFFECTS UPON THE ARTERIAL BLOOD PRESSURE 


A. Ether Extracts—The physiological effects 
obtained by the injection of the ether extracts of 
kidney are listed in Table IIT. 

The fractions isolated from these extracts ex- 
hibited only a very transitory effect which was 
apparently attributable to some vaso-dilatation of 
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the abdominal vessels (Fig. 2). This property may related to the sterols, phospholipids, phosphatides 
have been due to the presence of free fatty acids. and fats, and also to the sphyngomyelines. This 

According to Christensen and Hastings (20) and last group of substances particularly is known to 
Reiser (71) moist ether should extract substances form Reineckates of various solubility in acetone 


TABLE III.—PuHyYSIOLOGICAL PROPERTIES OF THE ETHER EXTRACT 


Fraction, Animal, Effect on Effect on Effect on Effect on “a 
No. Nature of Fraction No. Blood Pressure Pulse Heart Rate Respiration Dilatation 
10Ia@1 Whole ether extract Dog 587 0 0 + 0 0 
Dog 588 0 0 0 0 0 
Dog 590 0 0 0 0 + 
Dog 592 0 0 0 0 + 
11016 Ether-soluble; water- Dog 592 Sharp depres- 0 0 
insoluble materials Dog 590 sor 
(fats) 
10Ic Water-soluble mate- Dog 590 0 — 0 0 
rials (salts) 
10Ia3 Dichlorethylene in- Dog 590 0 0 0 
soluble material 
(sterols, fats, etc.) 
10Ia4 Dichlorethylene solu- Dog 570 0 0 0 0 0 
ble material (lipids, 
fats, etc.) 
10Id Water-soluble mate- Dog592 Sharp depres- ree ipa <a 0 
rial; sediment sepa- sor 
rated by freezing Cat Sharp depres- ve pad 
(free fatty acids Cat 22 sor 
mostly) 


TABLE IV.—PHYSIOLOGICAL PROPERTIES OF THE FATTY FRACTION OF THE ACETONE EXTRACT 


— Effect on 
Fraction, Animal, Blood Heart Respi- Vaso- 
No. Nature of Fraction No. Pressure Pulse Rate ration Dilatation 
101II@1 80% alcohol-insoluble materials (pro- Dog593 Slow depres- 0 0 0 


teins and salts) sor 
Dog 592 Slow depres- 


sor 
10 1IIIa@2 Alcohol-soluble; acetone-insoluble Dog 596 Slow depres- 0 0 0 


0 
materials (amines and amino acids) sor 
IIIa 34 Purified aqueous solution (phospho- Cat 22 Sharp depres- 0 
lipides) sor 
Ill a4 Poorly soluble residue (ether precipi- Dog 4) Slow depres- 0 0 0 0 
tate of proteins) 593 sor 
Ila2 Total aqueous filtrate Cat 22 Slow depres- 0 0 - 0 
sor 
II a 111 Ether-soluble; water insoluble Cat 21 0 0 0 0 
material 
II a 10 3 Whole fraction Cat 20 Slowdepres- ... ... 0 
c sor 
II a 112 S Ether-soluble ma- Cat 22 0 
& terial (fats and 
Water- fatty acids) 
II a 122 3 Soluble | Alcohol-soluble ma- Dog 592) Sharp depres- 
= terial (freeamino Cat 20 sor 
acids) Cat 22| 
II a 162 Alcohol - acid -sol- Cat 2 0 0 0 0 
5 uble-material 
II a 151 b Aqueous-acid sol- Cat 21 0 0 0 0 0 
< Alcohol- uble material 
II a 152 Soluble)Soluble. in both Dog 0 + 0 
= alcohol-acid and Dog 592 
aqueous-acid ma- 
= terial (amines) 
II a 161 Alcohol-insoluble material (resi- Cat 21 0 0 0 0 0 
| due) 
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(88, 89). In view of the assertion made by some 


some abdominal vaso-dilatation, but they were devoid 


is that the fractions forming Reineckates were those of specific action upon the carotid blood pressure 
o containing the specific kidney antipressor factor, (Fig. 4) and exert an action usually similar to that 
e it is interesting to note that the extracts reported of the ether extracts of acetone-exhausted kidneys. 


above formed such Reineckates although they were 
devoid of specific vasodepressor properties. 

B. Acetone Extracts—The physiological re- 
sponses to injections of the various fractions iso- 
lated from total acetone extracts of kidneys are 
presented in Tables IV and V. 


Substances most soluble in water and insoluble 
in organic solvents are either inactive (II a 17) or 
have only a very sharp transitory effect upon the 
arterial blood pressure (II c). Most of these frac- 
tions are somewhat toxic (II a 151), (II a 152). 
When the extract is active, the amplitude of the 


TABLE V.—PHYSIOLOGICAL PROPERTIES OF THE AQUEOUS PHASE OF THE ACETONE EXTRACT AFTER VACUUM 


CONCENTRATION 
— Effect on —~ 
Fraction, Animal, Blood Heart Respi- Vaso- 

No. Nature of Fraction No. Pressure Pulse Rate ration Dilatation 
10 III} Pressure ultra filtrate Cat 16\ Depressor 0 0 - Tachyphytaxis 
10 III ¢ Cat 18 
15116 Residue from ultra filtra- Cat 7) Prolonged + 0 - st 

tion Cat 18 depressor 
Cat 20 
Cat 22 
II ¢ Ether-soluble ma- Dog 592) Sharp depres- 0 + —  Toxic—death 
III b b - terial Cat 21 sor 
3 Cat 26 
Ill bd Water-soluble ma- Cat 16| Sharpdepres- — + —  Toxic—death 
Po) terial Cat 22 sor 
Ilc2 Water-ether-soluble Cat 16 Sharp depres- 
) material sor 
Il¢3 |Charcoal-adsorbate Cat 16\ Sharpdepres- — - - 
= material Cat 18 sor 
80% acetone-soluble Cat Prolonged + Block Shock Toxic 
5 |_ material Cat 18 depressor 
Ilc4 5 |80% acetone-insol- Cat 18 Sharp depres- 0 0 - Toxic 
uble; water-soluble sor 
material 
II 6 20 Chloroform-soluble Dog 590 0 0 
3 material (sterols) 
10 III 6 10 Alcohol-ether-soluble Dog 590 - - 
material (fat from 
lipoproteides com- 
plexes) 
10 III 6 6 Purified aqueous Dog 590 0 - 0 
solution of salts 
10111 Oxalate Dog 590 Toxic—death 


The physiological response to the whole acetone 
extract does not differ from that described for 
Grollman’s extract (36) or for some of Page’s saline 
preparations (63). The whole extract is very active 
in producing a long lasting hypotension (Fig. 1). 
It is rather toxic. When death occurs (Fig. 3), the 
heart fails before the respiration stops. This has 
been noted also for the Roger’s acid autolysates 
(77) and is opposed to the contrary sequence of 
events produced by the hypotensor factor of brain 
extracts of Weber and Manninger (96). 

The substances capable of forming an insoluble 
oxalate (probably containing amine functions 
[10 III 6 3}) were without vascular effect. 

The substances soluble in chloroform (sterols and 
allied substances) were devoid of vascular effect 
(IT 20). 

The fraction soluble in ether (fats, fatty acids, 
some phospholipids, etc.) may have an effect upon 
the respiration, heart frequency, or may produce 


response increased with increasing doses (Fig. 6). 

The fraction soluble in ethylene dichloride but 
insoluble in water appeared to contain mostly fats, 
and was consistently inactive. (II @ 151-152-161.) 

The entire water-and-ethylene dichloride-soluble 
fraction (II c) had a prolonged hypotensor effect 
(Fig. 5) comparable to that of the whole crude 
acetone extract (compare with Fig. 1). This 
property is retained after extensive purification 
(Fig. 10). In this last fraction, the substance in- 
soluble in 80% acetone (II ¢ 4) had very little 
activity. The substances soluble in 80% acetone 
(II ¢ 5) exhibited a very prolonged hypotensor 
effect. The active substance dispersed in aqueous 
solution was retained by either an asbestos or cello- 
phane ultrafilter (Fig. 7 and 8), a fact indicating 
the presence of a rather large molecule. 

C. Acidified Acetone Extracts——The physio- 
logical responses obtained with these fractions are 
recorded in Table VI. 
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TABLE VI.—PHYSIOLOGICAL PROPERTIES OF THE FRACTIONS FROM AN ACIDIFIED ACETONE EXTRACT 


Fraction, Animal, Blood Heart 
No. Nature of Fraction No. Pressure Pulse Rate Respiration 
12aIl Water and acetone-soluble ma- Dog oa} — for 4 min. 0 0 0 
terial Dog 622 
12a 12 Acetone-soluble material Dog 622 0 0 0 0 
12a 2 Whole water-soluble material Dog 598 — for 5 min. 0 0 + 
Wa 5 Filtrate Dog 620) — for 2 min. + + 
Water- Dog 598 
2a 4 soluble {Charcoal adsorbate Dog 598 — for 1 min. ++ + 
12a 6 material|50°% acetone-sol- Dog 612 — for 2 min. 0 
| uble material Dog 622 
12g 5 Grollman’s extract from ace- Dog 622 — for 4 min. 0 0 
tone exhausted kidneys 
12j Jablons’ extract from exhausted Dog 622 0 0 0 0 
kidneys 


The longest effect upon the arterial blood pressure ings tend to demonstrate that, despite the diversity 
was a depressor action lasting 4 min. with the entire of solvents used, the extracts prepared by these 
extract. The active substance was soluble in both authors contained the same or similar active sub- 
water and 50% acetone and presented analogies to stances. 

Grollman’s preparation. It lost its activity when 
purified and separated from the substance soluble 
in concentrated acetone or in ether. Having ascertained the potency of the various 

Finally it was found that Grollman’s method fractions prepared and the nature of the physio- 
when applied to acetone-exhausted kidneys still logical response in the anesthetized animals, a series 
yielded a typically active extract (12 g 5), while of tests was done on nonanesthetized normal dogs. 
Jablons’ process applied to the remaining residue The animals were kept in the laboratory for 
yielded an extract which was inactive. These find- several weeks prior to the experiment. During this 


STUDIES ON NORMAL NONANESTHETIZED DOGS 


KYMOGRAMS 
Figs. 1-17 

1. Cat No. 9—Carotid blood pressure. Injection of 0.2 cc. of whole acetone extract (II a); prolonged 
hypotension; increase of pulse amplitude; effect upon the respiration (upper tracing); time in minutes. 

2. Cat No. 22—Carotid blood pressure. Injection of 0.2 cc. of the ether extract of acetone-exhausted 
kidney; transitory hypotension; abdominal vasodilatation (upper tracing); time in minutes. 

3. Cat No. 9—Carotid blood pressure. Injection of 0.7 cc. of the whole acetone extract (II a) of kidney; 
the heart fails before respiration stops; (upper tracing: pneumographic cuff on the chest); time in minutes. 

4. Cat No. 21—Carotid blood pressure. Injection of fraction II a; abdominal vasodilatation (upper 
tracing) without change of the carotid blood pressure (lower tracing); time in minutes. 

5. Cat No. 20—Carotid blood pressure. Injection of the material soluble in water and in ethylene di- 
chloride; prolonged hypotension; increase of the pulse amplitude; abdominal vasodilatation (upper trac- 
ing); time in minutes. 

6. Cat No. 7—Carotid blood pressure. Successive injections of, respectively, 2.0, 4.0 and 6.0 cc. of the 
fraction II c (acetone-soluble material); time in minutes. 

7. Cat No. 7—Carotid blood pressure. Injection of 0.2 cc. of the nonultrafilterable material (fraction 
II 6); typical prolonged hypotension and increase of pulse amplitude. 

8. Cat No. 22—Carotid blood pressure. Injection of 10 cc. of the ultrafiltrate of whole acetone extract 
of kidney; very slight hypotensor effect; time in minutes. 

9. Cat No. 16—Carotid blood pressure. Injection of a charcoal adsorbate of the water-soluble compo- 
nents of whole acetone extract; transitory hypotension; time in minutes. 

10. Cat No. 18—Carotid blood pressure. Injection of 0.1 cc. of the active purified fraction II ¢;; pro- 
longed hypotension with increase of pulse amplitude; time in minutes. 

ll. Cat No. 16—Carotid blood pressure. Effects of successive injections of increasing doses of the 
hypotensive extract (IIIb) ata = lec. ath = 2cc.,atc = 6cc.,atd = l0cc., ate = 2 cc. injected slowly, 
at f = 10 cc. injected rapidly, at g = 15 cc. injected rapidly; time in minutes. 

12. Dog No. 701—Carotid blood pressure. Injection of 0.2 mg. of Renin E per Kg. 

13. Dog. No. 701—Carotid blood pressure. Injection of 5 cc. of potato phenolase preparation. 

14. Dog No. 701—Carotid blood pressure. Injection of 2 mg. per Kg. of Renin E incubated 7 hr. with 
resorcinol. 

15. Dog No. 701—Carotid blood pressure. Injection of 2 mg. per Kg. of Renin E incubated 45 min. 
with a mixture of phenolase preparation and resorcinol; reduction of the effect of renin. 

16. Dog No. 701—Carotid blood pressure. Injection of 2 mg. per Kg. of Renin E incubated with phenol- 
ase preparation and resorcinol for 5 hr.; formation of a hypotensive substance. 

17. Dog. No. 702——-Carotid blood pressure. Injection of 2 mg. per Kg. of Renin E incubated 7 hr. 
with phenolase preparation; prolonged hypotension. 
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time the femoral blood pressure was determined fre- 
quently with a Thycos manometer. The animals 
were thus trained and became accustomed to the 
procedure. Injections were started only when the 
arterial pressure was sufficiently constant. The 
readings were continued daily afier injections had 


and impairment of the intracardiac conduction, 
Some typical experiments are reported in the 
accompanying electrocardiograms. All the effects 
observed lasted as long as the influence of the in- 16 
jection upon the arterial blood pressure, viz., even- 
tually more than 1 hr. These effects appear to be 


been given. The results are shown in Table VII. reflex, rather than direct. 
15 
TasB_e VII.—Errect oF INTRAPERITONEAL, SUBCUTANEOUS AND INTRAMUSCULAR INJECTIONS OF ACTIVE 
KrpNeY EXTRACTS IN NORMO-TENSIVE NONANESTHETIZED ADULT Docs 
Period of 
Observation, Dog, Weight, Dose, Effect on Blood Pressure 
Days No. Kg. Extract Ce. Injection 24 Hr. = Injection 14 
51 664 
43 663 8.0 12¢5 10 Intraperitoneal —20 mm. lasting 2 days 
38 641 
54 655 
18 587 7.1 61a 10 13 
18 588 8.1 Ia 20 ° 
37 570 8.4 Ia5 5 Subcutaneous —10 mm. lasting 1 day 
18 570 8.4 Ia5 15 —20 mm. + ees 1 day 
29 576 11.0 I 520 15 
23 573 9.3 I 6 20 15 9 
14 572 9.5 6Ila 10 Intramuscular 0 12 
18 589 6.3 ) 20 Subcutaneous 0 : 
36 569 9.75 10 —15 mm. lasting 3 days | 
6 568 7.00 10 —30 mm. lasting 2 days : 
39 568 7.00 20 Intramuscular —10 mm. lasting 2 days f 
10 71 6.6 | Ila 10 0 11 
16 73 9.3 20 —25 mm. lasting 1 day 
38 77 7.8 0 
11 576 11.0 20 Subcutaneous —25 mm, lasting 2 days 
4 563 7.9 —20 mm. lasting 3 days 
10 563 7.9 —25 mm. = 5 days 
7 568 7.0 
7 563 7.9 III a 31 Subcutaneous - 
7 572 9.5 25 mm. lasting 2 days 


Figure 18 shows graphically the most char- 
acteristic experiments of the series. In some of the 
dogs the experiments could be repeated with a re- 
markable consistency in the response obtained. 

This experiment showed that: 


(a) The Grollman aqueous-acid extract (12 g 5) 
is not regularly efficient in the dog under the condi- 
tions of the experiment, although it had been 
found very potent in the anesthetized animal. 

(6) The ether extracts (I a) are consistently with- 
out effect upon the arterial blood pressure. 

(c) The entire acetone extract is potent and pro- 
duces a slow decrease of femoral blood pressure 
lasting several days when injected either subcu- 
taneously or intramuscularly. 


Notwithstanding the limitations of these experi- 
ments, it can be seen that the production of a long 
lasting decrease of arterial blood pressure seems to 
depend upon the rapidity of resorption of the in- 
jected material and the presence of large molecules 
which in the potent extracts likely render the libera- 
tion of the active principle in the organism very slow, 
particularly when injected subcutaneously. 


EFFECT UPON THE HEART 


Following the injection of the potent fractions of 
the kidney extracts described above, the electro- 
cardiograms show the appearance of extra systoles 


CHEMICAL PROPERTIES OF THE EXTRACTS 


The chemical properties of the various extracts 
and of their fractions were determined by ele- 
mentary tests. The information obtained is sum- 
marized in Table VIII. 

The differences between active and inactive 
fractions of similar solubility are well established. 
The active fraction (II a 10) gives a positive test 
for tryptophane, phenol; a negative test for Feh- 
ling-reducing substances and notably for free hista- 
mine. 


EFFECT OF THE OXIDATION OF RENIN AND OF THE 
HYPOTENSIVE EXTRACTS UPON THEIR VASOTONIC 
PROPERTIES 


In view of the recent studies of Holtz, et al. (44), 
Bing and Zucker (10), Schroeder (79) and others, 
suggesting the existence of a relationship between 
renal hypertension and a deviation of the tyrosine- 
tyrosinase and other phenolic amino acids metabo- 
lism, experiments were undertaken to determine 
the effect of oxidation upon the vasotonic action of 
renin and of the hypotensive extracts prepared, the 
latter having been found to possess a phenolic hy- 
droxyl as shown above. These substances were 
oxidized by tyrosinase under the conditions of the 
experiments of Heirman and Bacq (41). 
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Dog 568: # IIa 


A 
Dog 569: # 6IIa 


Dog 589:7 6IIa 


Dog 588: #6Ia 


A. Renin.—Different mixtures of renin and 
potato phenolase were made in saline and incubated 
at 37° C. for times ranging from 45 min. to 10 hr. 
Controls containing either renin alone, or phenolase 
alone, or mixtures of renin plus phenolase plus re- 
sorcinol, were also incubated for the same length of 
time. The phenolase used was prepared by a 
method developed by Graubard and Nelson (35). 
After incubation the solutions were tested on dogs 
under pentobarbital (nembutal) anesthesia. The 
blood pressure variations were determined as men- 
tioned above. 

The results of numerous experiments can be sum- 
marized as follows: 


(a) The phenolase preparation used is either in- 
active on the blood pressure or produces variations 
never greater than + or — 10 mm. Hg. and is of 
short duration (Fig. 13). 

(6) The incubation of renin with resorcinol alone 
is without effect (Fig. 14). 

(c) The activity of a mixture of renin with re- 
sorcinol and phenolase is considerably reduced after 
45 min. incubation (Fig. 15). 

(d) The partial oxidation of renin by phenolase 
in the presence of resorcinol yields a hypotensive 


8 Days 10 12 14 16 


substance. The injection of the incubated mixture 
produces consistently a drop in blood pressure 
(Fig. 16) which never occurs with pure renin or with 
phenolase or resorcinol, alone or mixed together. 

(e) Renin incubated with phenolase alone for a 
duration longer than 6 hr. produces a strong de- 
pressor substance (Fig. 17) having a prolonged effect 
upon the arterial blood pressure. 

(f) Incubations lasting more than 10 hr. resulted 
in a complete inactivation of the renin. 


It appears, therefore, that the oxidation of renin 
by phenolase produces, when sufficiently prolonged, 
a hypotensive substance (or substances) which dis- 
appears on further oxidation. Except for the fact 
that resorcinol accelerated this reaction, there exists 
a great similarity with Bacq and Heirman’s experi- 
ments with adrenaline and tyramine, only the time 
scale being considerably lengthened. 

B. Hypotensive Renal Extracts—In a second 
series of experiments the oxidation of the active 
hypotensive kidney extracts was attempted by in- 
cubating these preparations with phenolase for 
varying lengths of time, following a procedure simi- 
lar to that described above. The results are sum- 
marized as follows: 
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(a) The hypotensive extracts used (12 g 5-II a 
and 12 II a) remain unaffected after incubation 
shorter than 6 hr. 

(6) After incubation with phenolase for more 
than 6 hr. these extracts lose their hypotensive po- 
tency. Preparations which originally produced 
drops of blood pressure of 50 mm. Hg or more be- 
came completely inactive. 
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C. Reninand Hypotensive Renal Extract Mixtures, 
—In a third series of experiments, mixtures of renin 
and the hypotensive extracts were made in such 
proportions that they were vasotonically inactive, 
They were incubated with phenolase, as stated 
above. The results were as follows: 


(a) The inactive mixtures of renin and of the 


ie 
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hypotensive extracts remained unchanged when 
incubated as long as 15 hr. 

(b) The same mixtures incubated for 6 hr. in the 
presence of phenolase became strongly hypotensive. 

(c) The hypotensive effect obtained was propor- 
tional to the amount of renin present (a constant 
amount of hypotensive extract being used through- 
out) and is thus not caused by the destruction of 
renin originally present in the mixture. 

(d) Further oxidation leads again to inactive mix- 


tures, due to the destruction of both renin, the 
hypotensor substance formed from renin, and the 
original hypotensor kidney extracts. 


It appears, therefore, that the hypotensor extracts 
of the kidney do not accelerate the oxidation of 
renin, and that their oxidation proceeds inde- 
pendently from that of renin in the presence of 
phenolase. Whether this oxidation of renin is a 
reversible phenomena has not yet been determined. 


ELECTROCARDIOGRAMS 
Figs. 1-18 

1. Cat No. 9—Normal (lead I). 
2. Cat No. 9—One minute after injection of fraction Ila (lead I). 
3. Cat No. 9—Seven minutes after the same injection (lead I). 
4. Cat No. 9—Twenty minutes after the same injection (lead I). 
5. Cat No. 8—Thirty minutes after injection of fraction Ila (lead I). 
6. Cat No. 8—Same experiment (lead II), 
7. Cat No. 16—Normal (lead I). 
8. Cat No. 16—Normal (lead IT). 
9. Cat No. 16—One minute after an injection of 0.1 cc. of fraction IIc having no effect on the arterial 


blood pressure (lead I). 
10. Cat No. 16—Same experiment (lead IT). 


11. Cat No. 16—One minute after an injection of 0.5 cc. of fraction IIc having no effect upon the arterial 


blood pressure (lead I). 
12. Cat No. 16—Same experiment (lead IT). 


i3. Cat No. 16—One minute after an injection of 2.0 cc. of fraction IIc producing a drop of 25 mm. of 


Hg of the arterial blood pressure (lead I). 
14. Cat No. 16—Same experiment (lead IT). 


15. Cat No. 16—One hour after the same injection (lead I). 
16. Cat No. 16—One hour after the same injection (lead IT). 
17, Cat No. 16—Two minutes after an injection of 2.0 cc. of fraction Il¢ producing a drop of 20 mm. of 


Hg of the arterial blood pressure (lead I). 
18. Cat No. 16—Same experiment (lead IT). 


* 
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VIII.—CHEMICAL PROPERTIES OF PoTENT KIDNEY EXTRACTS 


Tests 10 Ill a Ile lei? ile 10 101110 le Renin 
Petroleum ether solubility Soluble Partial Insol. Insol. Insol. Soluble - 
Xanthoproteic + + + + - 
80% alcohol soluble material Partial Partial Partial Partial Insol. Soluble Precipi- 
tate 
Fehling + + + - ~ 
tate 
Oxalic acid Precipi- Precipi- - - Precipi- - Precipi- 
tate tate tate tate 
tate 
SO.H: - - - Precipi- 
tate 
Kopf + + - - 
acid 
tate 
80% acetone solubility Insol. Insol. Insol. Soluble Insol. Soluble _Insol. 
Aqueous phosphotungstic - - - Soluble 
acid 
Trichloracetic acid - Precipi- 
tate 
Tannic acid - Precipi- Precipi- 
tate tate 
Lead acetate + + Precipi- Precipi- 
tate tate 
Saturated aqueous sublimate + - - + Precipi- - 
tate 
Carbon dioxide in acetone = Soluble Precipi- 
tate 
From these experiments the following conclusions DISCUSSION 


seem reasonable: 


(a) Renin, either fresh or old, is oxidized by 
tyrosinase provided the incubation is sufficiently 
long. Resorcinol is an accelerator of this reaction. 

(b) Partial oxidation of renin produces the forma- 
tion of a strongly hypotensive substance. 

(c) Renin is not inactivated in vitro by the 
hypotensive kidney extracts, since it can be oxi- 
dized to a hypotensive substance and to an inactive 
substance, in mixtures containing the renal hypo- 
tensive extracts. 

(d) Although the renal hypotensive extracts can 
be inactivated by incubation with phenolase prepa- 
rations, their presence does not modify the features 
and the results of the oxidation of the renin by the 
same ferment. In other words, the antagonism of 
pharmacological action between renin and the 
hypotensive kidney extracts described is not 
paralleled by a chemical reciptocal neutralization or 
destruction in vitro. 


The experiments reported above must be discussed 
in the light of what is known to date of the patho- 
genesis of renal hypertension. It has been estab- 
lished that a number of deleterious actions borne 
by the renal tissue may elicit symptoms of arterial 
hypertension (29, 51, 81). Such is the case after 
x-raying of the kidney (40), after the production of 
glomerular nephritis following injection of anti- 
kidney serum (7), or the development of tubular 
nephritis due to injections of sodium oxalate (6), 
after a traumatism of the kidney producing the 
formation of a constricting cap of scar tissue, etc. 
The systematic investigations of Goldblatt and co- 
workers have shown that in most cases the hyper- 
tension develops as a result of the renal ischemia 
which can be produced experimentally by the silk 
bag, or the cellophane bag methods, or the use of the 
Goldblatt arterial clamp. On the other hand, ina 
group of clinical observations seeming to bear a 
direct relationship with these experiments, the 
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hypertension is seen to follow the development of 
renal ischemia produced by a compressing tumor of 
the kidney, reported by Koons and Ruch (50), or 
else severe hypertension is relieved after removal of 
a grossly diseased kidney (55). 


These 2 series of recorded facts lead to the hy- 
pothesis that ‘‘hypertension of renal origin” involves 
ahumoral mechanism. Notwithstanding the diffi- 
culties, however, involved in the diagnosis and 
classification of the various manifestations of the 
so-called renal malignant hypertension, as pointed 
out by Leiter (53), the value of the clinical findings 
in supporting this hypothesis must be questioned. 
Palmer, Chute, Crone and Castleman (64), have 
called attention to their cases of pyelonephritis and 
of obstruction of renal arteries of years duration 
without hypertension. They invoke the role of 
“congenital predisposition factors.’’ In the same 
manner, Braasch, Walters and Hammer (13), from 
a statistical study of 1684 cases of kidney diseases, 
found the incidence of hypertension no higher than 
in a similar group selected at random. That the 
role of kidney ischemia is still far from being clear 
appears from the observations of Page and Kohl- 
staedt (62) who found that hypertension may be 
present with normal renal blood flow and that 
reduction of the mean pressure is not essential for 
its production in the experimental animal. It also 
appears from the observations of Friedman, Selzer 
and Rosenblum (29, 30), who found an inverse 
correlation between renal blood flow and diastolic 
blood pressure, but who remarked that frequently 
the inulin clearance test remained unaltered in 
essential hypertension (see also Chasis and Redish 
(19)). 


Another series of clinical findings coming to 
support the “humoral theory of renal hyperten- 
sion” deals with the negative results of the surgical 
procedures applied to this abnormality. Page ob- 
served (59) that renal denervation does not prevent 
the rise of blood pressure after x-raying of the kid- 
neys by the method of Hartman and co-workers 
(40). However, the hypertension produced by 
excision of the carotid sinuses, or by injection of 
kaolin into the cerebellomedullary cystern, in- 
vestigated by Braun and Samet (14), is terminated 
abruptly when the kidneys are denervated, while 
it is prevented when the denervation is done prior 
tothe other interventions. In the case of the hyper- 
tension due to chemical nephritis, Arnott and 
Kellar (6, 7) found that in tubular nephritis as well 
as in glomerular nephritis, the hypertension was 
abolished by denervation of the kidneys in uni- 
laterally nephrectomized rabbits. But these types 
of hypertension differ from the so-called ‘‘essential 
hypertension” in that they do not present the 
typical histo-pathological picture (25). In fact, 


surgical nervous procedures applied to cases of 
hypertension due to renal ischemia [renal denerva- 
tion: Page (59)—section of the splanchnics: Gold- 
blatt, Gross and Hanzal (33) and Selzer and Fried- 
man (80 


total removal of the sympathetic chains: 


Heymans, Bouckaert, Elaut, Bayless and Samaan: 
(42)—supradiaphragmatic splanchnectomy and 
lower dorsal gangliectomy of Peet, Wood and 
Braden: (65)—Allen and Adson procedure: (5)—or 
the modified method of Smithwick: (83)] yield 
results which in general “are poor” according to 
Rytand and Holman (78). This circumstance 
brings support to the conclusion of Pickering (66) 
that the production of acute renal hypertension re- 
quires the integrity of the renal nerves, while the 
so-called ‘‘chronic hypertension’’ of advanced 
nephritis, or the essential type of hypertension 
would not be due to an excessive “nervous vaso- 
constrictor tonus.”’ 


On the other hand, the positive facts in favor of 
the humor theory of renal hypertension have been 
summarized by Rodbard and Katz (76): (a) total 
nephrectomy does not affect the blood pressure, and 
total nephrectomy in hypertensive animals with 
unilateral ischemia does not further increase the 
blood pressure, so that probably no production of 
hypertensive substance in the organism is involved; 
(b) the pressor renin, which is not a real sympa- 
theticomimetic (it is not affected by 933 Fourneau, 
for instance), has no lasting effect, if any, in the 
normal organism since the removal of an ischemic 
kidney is followed by an immediate return of the 
blood pressure to normal level; (c) conversely, a 
process of elimination is probably involved, since 
the removal of the normal kidney in a dog with uni- 
lateral ischemia immediately increases the hyper- 
tension; (d) this elimination probably involves a 
metabolic process, since a uretero-venous anasto- 
mosis does not reduce it. Possibly a similar elimina- 
tion mechanism is at play in the diseased organism, 
since Page (60) has shown that the pressor response 
of hypertensive animals to injections of renin is 
only very slightly increased, and that to the injec- 
tion of angiotonin is unchanged. Brown and 
Maegraith (18) verified that in general the effect of 
pressor active drugs (adrenaline, tyramine, co- 
caine, acetylcholine) was unchanged by the varia- 
tions with average level of arterial blood pressure in 
hypertensive subjects (rabbits). Nevertheless, ac- 
cording to Corcoran and Page (22, 23) the essential 
role in the pathogenesis of renal hypertension would 
be played by angiotonin which would simultaneously 
constrict the arterioles and increase the heart ac- 
tivity, hence producing the long run heart 
hypertrophy and all the other symptoms of the 
disease pattern.”’ These authors (22) admit in the 
early phases only an increase in the glomerular 
filtration of water (inulin clearance test) possibly 
due to the increased glomerular pressure and the 
decreased renal blood flow. The theory in this form 
does not account for many facts, such as the rapid 
destruction of both renin and angiotonin in the 
organism, reported by Friedman (28); the neg- 
ligible effect of angiotonin upon the heart as com- 
pared to that of heterogenous renin which, however, 
has no pressor effect by itself; the dependence of 
the action of angiotonin upon the functions of the 


“gg 
ne 
ial 
er 
of 
ti- 
ar 
he 
tc. 
lia 
ilk i 
he 
la 
a 
he 


274 JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


adrenal glands which seem essential in maintaining 
the cardiovascular system receptive to the specific 
stimuli, as observed by Rinehart, Williams and 
Cappeller (74); Raab (69, 70); Friedman, Tomkin 
and Oppenheimer (27) and Remington and asso- 
ciates (72). Those facts and others prompted 
Goldblatt and Kann (34) to conclude that ‘‘the 
experimental production of hypertension by kidney 
ischemia does not appear to be a sufficient condi- 
tion for the determination of the histopathological 
picture encountered in the kidney during the 
clinical malignant disease, although extra renal 
lesions may be thus produced.’’ The terminal 
lesions thus would be only terminal manifestations 
of the hypertension when a superimposition of some 
acute symptom of nephrosis accompanied by a state 
of renal excretory insufficiency has precipitated the 
development of the malignant phase of the disease, 
and Goldblatt (32) concludes that ‘“‘most of the 
attempts to demonstrate a direct pressor substance 
in the blood or extracts of blood of animals with 
experimental hypertension due to renal ischemia 
have failed, so that there is no conclusive proof that 
a pressor substance is present in the blood of such 
individuals.”” A similar conclusion has been ad- 
vanced by Beckwith and Chanutin (8). Indeed, 
experimentation has substantiated the distinction 
between hypertension due to experimental renal 
ischemia and the clinical form of the disease. If it 
seems possible that the Goldblatt ischemic kidney 
contains more renin than the normal organ accord- 
ing to Harrison, Blalock and Mason (38, 39), 
Prinzmetal and Friedman (67), and 
Houssay and Taquini (26), this is contested by 
Collins and Hoffbauer (21), Wakerlin and Yano- 
witz (95) and others, and it has not been conclusively 


Fasciolo, 


demonstrated that the same happens in hypertensive 
patients as compared to normo-tensive humans, 
according to Prinzmetal and associates (68). The 
work of Landis (51, 52) has uncovered that there is 
no relation between the blood pressure during life 
and the renin content of the kidneys after death: 
in his hands only kidneys from cases of malignant 
nephrosclerosis were more potent than normal 
kidneys. (However, the crudeness of the renin 
preparations used and the length of time eljapsed 
between the death of the patients and the removal 
of the kidneys for examination cast doubt upon 
the value of this work.) 


Reports on the effects of renin in the organism 
are conflicting and for Turnoff and Rowntree (91) 
heterogenous renin would be without effect. Braun- 
Menendez and associates are of the same opinion 
(17). This substance would raise the blood pressure 
without redistributing the peripheral blood flow as 
in patients with hypertension (Landis and co- 
workers (52)), but for Corcoran and Page (22) 
measurements of the renal filtration process show 
that it is reduced in the kidney after injection of 
renin, while for Steele and Schroeder (84) it is in- 
creased. Indeed, according to Smith, Chasis, 
Goldring and Ranges (82) causes producing is- 


chemia do not easily disturb the intrarenal circula- 
tion and the glomerular hemodynamics in the norma] 
kidney. It should be noted that heterogenous 
renin is apparently not hypertensive in man, but 
that this phenolic protein has the property of re. 
acting upon a globulin fraction of the blood to form 
the powerful hypertensin of Braun-Menendez and 
co-workers (16) or the angiotonin of Page and 
Helmer (61), and experiments have been made in an 
attempt at producing an experimental hypertensive 
disease by injections of angiotonin. Although a 
picture of heart failure has been reported by Bradley 
and Parker (15) following such injections in normal 
subjects, Wilkins and Duncan (99) conclude from 
similar experiments that the syndrome thus pro- 
duced is not entirely identical with the clinical rena] 
hypertension. 

Despite these contradistinctions, it has been con- 
tended that the kidney contains an extractive sub- 
stance, which normally antagonizes the renin, the 
excessive secretion or the incomplete neutralization 
of which would be responsible for the development 
of hypertension, and since the early experiments of 
Tigerstedt (90) beneficial effects have been occa- 
sionally reported following the administration of 
various kidney hypotensor extracts by Grollman 
(37), Page and co-workers (63), Jensen, Corwin, 
Tolksdorf, Casey and Bamman (48) and others, al- 
though the ‘‘opotherapeutic’’ treatment of renal 
hypertension attempted more than 25 years ago 
by Loeper (54), Dejust-Defiol and Romme (24) 
and others always met with but a limited success. 

The experiments reported above seem to call for 
a revision of this theory. The various hypotensive 
extracts prepared seem to contain essentially the 
same active factor or factors despite the differences 
in the methods used for their preparation. They 
exhibit properties which are similar to those of other 
tissue extracts, as, for instance, the hypotensive 
brain extracts of Weber, Manninger and Major (6). 
Preliminary studies by the authors (49) showed 
that the electrophoretic mobility as a function of the 
pH, of renin and of the kidney hypotensor factory 
differs considerably, the hypotensor factor having 
an isoelectric point probably near neutrality. This 
fact agrees with the solubility characteristics. That 
the hypotensor fraction migrates to the anode at a 
pH between 5 and 7.0 and that its mobility is much 
lower than that of renin, is consistent with the ob- 
servation that it is retained by ultrafilters and that 
its progressive purification produces a reduction in 
the intensity and duration of its action upon the 
arterial blood pressure. 

The observation that these preparations produce 
a lasting fall of blood pressure when injected into 
the normal nonanesthetized animal leads to the 
thought that this pharmacological property is not 
specific for these extracts. It is interesting to 
recall the remark of Swale Vincent (92, 93), who, 
observing that “Extracts of all organs and tissues 
have an action upon the blood pressure,’’ concludes 
(94) the fact ‘“‘that organs and tissues of the body 
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yield to extract substance or substances which lower 
the blood pressure”’. . . should not lead one . . . ‘‘to 
assume that this fact bears any direct interpretation 
in the direction of internal secretion.’”’ Indeed, 
although according to Gley (31) ‘‘countless facts im- 
pose upon us the idea that one has no right to con- 
clude, from the therapeutic or pharmacodynamic 
properties of the tissue extracts, that these same 
organs have an endocrine secretion endowed with 
analogous physiological effects,” many authors who 
wrote about the “humoral mechanism of renal hy- 
pertension” are touching upon the thought that 
the blood pressure is regulated by a renal endocrine 
function. Except perhaps for renin, which appar- 
ently exists in the efferent renal venous blood, ac- 
cording to Taquini (86), and for which graft ex- 
periments have been successful in the hands of 
Houssay and Fasciolo (45), proof of an hormonal 
action of the kidney extracts described is still lack- 
ing. 


The consistent complex physiological response 
elicited by the purified kidney hypotensive extracts 
might lead one to assume that this circumstance 
bears a relationship to the possible intervention of 
Wiggers (98) stated 
in his analysis of the dynamic factors active in hy- 
pertension that, while the contribution of the limbs 
and that of the pulse velocity to the syndrome are 
but negligible, an intense constriction in the splanch- 
nic area, a functional arterial constriction and the 
frequent heart decompensation (decreased output 
for an increased venous input) play the preponder- 
ant role. If the physiological antagonism of renin 
and of the kidney hypotensive fractions were real, 
one would expect them to exhibit also comple- 
mentary effects upon the heart. On the contrary, 
the experiments reported show that the injection 
of the most potent fractions produce disturbances 
of the electrocardiogram as severe as those ob- 
served under the influence of renin and of angio- 
tonin by other authors. 


these factors in hypertension. 


It has also been observed 
that these extracts produce only irregularly a 
dilatation of the splanchnic controlled abdominal 
vessels, but consistently increase the pulse ampli- 
tude when causing a prolonged hypotension, through 
a cardiac reaction which is directed in the way of 
decompensation, 7#. e., the opposite of an effect 
useful in hypertension. Anomalous electrocardio- 
grams showing especially damages of the left ventricle 
have been observed in early nephritic hypertension 
by Master and associates (56) and the question 
arose whether these were due to the dynamic dis- 
turbances of the blood circulation (eievated fluc- 
tuating pressure and irregular rate of flow) which 
characterizes hypertension (75, 87) or to a deleteri- 
ous effect of some specific substance present in the 
diseased organism. Hill and Andrus (43) found 
on the heart-lung preparation that renin, and to a 
lesser extent, angiotonin, increase the heart output 
and the systolic amplitude without modifying the 
rate, the stimulation of the myocardium being evi- 
denced by the appearance of nodal or bigeminal 
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extra systoles. However, the experiments reported 
here show that similarly anomalous electrocardio- 
grams are produced following injections of the 
vaso-depressor fractions of the kidney extracts. 
This would tend to indicate that the abnormalities 
in the electrical activity of the heart results from 
the hemodynamic perturbation elicited rather than 
from the action of some specific chemical factor 
upon the myocardium. 


Finally, experiments made in an attempt to 
demonstrate in vitro a chemical antagonism be- 
tween renin and the hypotensive fractions of the 
kidney extracts have been reported. Some authors 
hold that the disturbances following renal ischemia 
affect the metabolism of the phenolic amino acids 
and melanine precursors, and that this might be 
responsible for the production of hypertensive sub- 
stances (renin or angiotonin) by the diseased kidney. 
Holtz and co-workers (44) have shown that in vitro 
the renal tissues can decarboxylate Dopa and 
tyrosine anaerobically thus giving rise to hydroxy- 
tyramine or like bodies which are hypertensor, and 
that the same tissue can deaminate these same sub- 
stances aerobically thus giving birth to pressor- 
inactive bodies of the type of dihydroxy-phenyl- 
acetic acid. Although Mason, Evers and Blalock 
(58) found that the utilization of oxygen in the 
ischemic kidney is identical to that in the normal 
organ, in the ischemic kidney Werle, Madlener and 
Herrmann (97) found the deamination processes 
increased and the decarboxylations reduced, Sch- 
roeder and Adams (79) advanced the opinion that 
these deamination-decarboxylation processes play 
the preponderant role in the development of renal 
hypertension. This is also contended by Bing 
and Zucker (10), who found that the injection of 
L-Dopa produces hypertension only in the presence 
of an ischemic kidney. On the other hand, Schroeder 
and Adams (79) have shown that the enzyme tyrosi- 
nase, which inactivates a group of substances in- 
cluding adrenaline, tyrosine, tyramine, angiotonin 
and old (probably partly oxidized) renin, has also, 
when injected, some activity in reducing the hyper- 
tension due to unilateral hydronephrosis or to renal 
ischemia of the Goldblatt type. The experiments 
of Heirman and Bacq (41) have thrown some light 
upon the oxidation process undergone by the pressor 
amines (adrenaline, tyramine, hydroxytyramine) in 
the presence of vegetable tyrosinase. Under de- 
finite conditions (very dilute neutral solutions, 
body temperature, etc.) there is produced a strongly 
hypotensive substance (adrenoxine) which has an 
inhibitory effect upon the heart. This substance 
can be further oxidized to the physiologically in- 
active adrenochrome. 

In the present experiments, the partial oxidation 
of fresh renin by a vegetable tyrosinase preparation 
has been carried out to the state of an unidentified 
hypotensive substance which has a prolonged effect 
upon the arterial blood pressure (Figs. 16 and 17). 
It has been seen also that polyphenols such as re- 
sorcinol considerably accelerate the oxidation of 
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renin. It should be observed that the conditions 
of the experiments reported above (neutrality, 
eventual presence of phosphates, etc.) are those 
which according to Bowman (12) are most efficient 
in enhancing the activity of the phenolic hydroxyl 
in phenolic amino acids. On the other hand, mix- 
tures of renin and of the most active fractions of the 
hypotensive kidney extracts can remain unaltered 
for long periods of time although the proportions of 
the components in such mixtures can be such as to 
result in physiologically inactive preparations. It 
has been demonstrated that in such inactive mix- 
tures the renin can still be oxidized by tyrosinase 
to the state of a hypotensive substance while the 
hypotensor factor initially present is simultaneously 
destroyed. The 2 reactions can be separated be- 
cause of their unequal velocity. Consequently, one 
may conclude that there is no such thing as an in 
vitro reciprocal neutralization of renin and of the 
kidney hypotensive extracts. This conclusion, 
however, does not eliminate the possibility of a 
physiological antagonism in vivo, and last 
point is being further investigated. 


this 


CONCLUSIONS 


1. Various hypotensive kidney extracts 
have been fractionated and the acute effects 
upon the arterial blood pressure of anesthe- 
tized and nonanesthetized animals and upon 
the electrocardiogram have been studied. 

2. The substance, or substances, which 
are responsible for the production of pro- 
longed hypotension in normal anesthetized 
and nonanesthetized animals, are character- 
ized by their solubility in water, strong 
alcohol, strong acetone, dichlorethylene, 
by the presence of phenolic hydroxyl, of a 


tryptophane group; by the absence of 
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histidine, or reducing properties, or sterol, 
lipid and phospholipid groups, by their 
destructive oxidation by vegetable pheno- 
lase, by their low mobility in an electro- 
phoretic field, by their isoelectric point be- 
tween pH 5.0 to 7.0, and by their incapacity 
to traverse ultrafilters. These facts indi- 
cate the presence of complex molecules, or 
large aggregates of molecules which are re- 
sponsible for a slow resorption rate. This 
in turn explains the prolonged hypotension 
produced when these substances are in- 
jected into the organism. 

3. The pharmacological properties of 
the kidney hypotensive extracts described 
and their effect upon the arterial blood pres- 
sure and the action currents of the heart 
are apparently not specific. 

4. The destructive oxidation of renin 
and of the hypotensive kidney extracts by 
vegetable phenolase (tyrosinase) has been 
studied. It has been demonstrated that, 
while renin yields upon oxidation an un- 
stable strongly hypotensive substance, the 
oxidation of the hypotensive kidney extracts 
yields an inactive substance, and that the 
2 reactions proceed independently in mix- 
tures containing both renin and the hypo- 
tensive kidney factor, so that there is no 
in vitro chemical antagonism or reciprocal 
neutralization between the renin and the 
kidney hypotensive fractions isolated. 

5. The possible role of these substances 
and of renin in the pathogenesis of hyper- 
tension of renal origin has been discussed. 
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A Radioactive Method of Testing Absorption from 
Ointment Bases* 


By Gene W. Johnstont and C. O. Leet 


Previously the question of absorption of 
medicaments from ointment bases through 
the intact human skin has been discussed, 
and the literature on the subject reviewed 
by the authors (1). Many conflicting re- 
ports were found to exist, although in gen- 
eral most authorities still hold to the idea of 
the greater absorbability of medicinals 
from animal and vegetable fats than from 
petrolatum bases. Recent work, however, 
indicates that the newer types of bases, 
the so-called ‘“‘absorption’’ and ‘‘washable’’ 
bases, give good absorption and are in some 
instances even superior to natural fats (2, 3). 

Experimentation in the field of absorption 
has been somewhat unsatisfactory and in- 
conclusive for many reasons but chiefly 
due to the difficulty of locating fatty mate- 
rials and tracer substances in the tissues. 
Many methods have been used in attempts 
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to show absorption through the skin. Some 
of these included weighing residues after 
application, penetration of such materials 
as chamois and plaster, and detection of 
chemical compounds in the body fluids. 
Bacteriological methods have been used to 
show the activity and efficiency of antiseptic 
ointments im vitro. Recently a method of 
biopsy and staining that gives promise has 
been developed on animals. 

It was felt that radioactive substances 
might give a better means for testing, and 
the following study, while not extensive, 
serves to show its possibilities and to point 
the way for further work in this field. 


EXPERIMENTAL 

Radioactive sodium chloride was selected as the 
tracer substance for several reasons: first, because of 
its ease of preparation and its readily detectable 
activity; and second, because of its short lifetime. 
The sodium chloride was activated in the Purdue 
University cyclotron through the impact of heavy 
hydrogen nuclei, deutrons, which were accelerated to 
several million volts. Both the sodium and the 


chlorine become radioactive, but because the life- 
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time of chlorine is so short, essentially only the 
sodium remains active long enough to be tested. 

The radioactive element emits fast electrons and 
gamma rays, and is detected mostly by the effect of 
its gamma rays. Such substances disintegrate ac- 
cording to the well-known exponential law. This 
rate, or probability of decay, is expressed by the 
time after which half the original number of atoms 
is still present. This so-called half-life is 37.5 min. 
for chlorine and 14.8 hr. for sodium. 

The detection of radioactive substances is accom- 
plished by the use of a Geiger counter, and the in- 
strument used here was constructed in the Physics 
Department of Purdue University. The counting 
tube was of Dow-metal, 11 cm. in length, 1.5 cm. in 
width and 0.01 cm. in thickness. This tube is filled 
with a mixture of argon and alcohol at about 7 cm. 
pressure (4). 

Testing of Ointments.—Except for differences in the 
activities of the various radioactive sodium chloride 
samples, the following is the procedure used in all of 
these ointment absorption experiments. 

The radioactive sodium chloride was weighed, 
dissolved in a definite quantity of water, varying 
slightly according to the base used and incorporated 
into the ointment base. A weighed portion of the 
finished ointment was tested for its activity before 
it was applied to the subjects. In all cases, a 1-Gm. 
portion of the ointment was applied to the inner sur- 
face of the upper right arm and rubbed into the skin 
well. At definite intervals each subject was tested 
for radioactivity by measuring the activity of the 
left hand, the latter being allowed to rest above the 
counter tube. The counter tube was shielded from 
the ointment on the right arm by a housing of 
lead blocks 4 in. thick. After absorption had pro- 
gressed, urine samples were collected at regular 
intervals, 2-cc. portions of which were evaporated 
carefully in covered crucibles to dryness, and meas- 
ured for activity. All urine samples were placed the 
same distance below the counter tube in order to 
obtain comparable results. 

The following ointment bases were tested ac- 
cording to the procedure outlined above. Base 
No. 20, a hydrophile ointment base of the chol- 
esterol type, was tested first (5). In preparing this 
ointment, 15 mg. of radioactive sodium chloride was 
dissolved in 2.486 cc. of distilled water, and the 
solution incorporated into 2.5 Gm. of the base. 

Anhydrous lanolin was tested next, and the 
ointment prepared by dissolving 23 mg. of sodium 
chloride in 1.477 cc. of distilled water, and incor- 
porating the solution into the lanolin. A larger 
amount of radioactive salt was used here because of a 
much lower activity. 

White petrolatum and lard also were selected for 
testing, and ointments prepared by dissolving 14 
mg. of sodium chloride in 0.5 cc. of distilled water, 
and incorporated into 4.486 Gm. of white petrolatum 
and into 4.485 Gm. of lard. 

In order to get results on all types of bases, a 
base of the ‘‘washable’’ type was selected. The 


base was felt to be fairly typical of this class, and 
was prepared as follows: 


15.0 
Sodium lauryl 2.0 
Water....... 


Procedure.—Melt the alcohol and wax, mix 
with the propylene glycol, and heat to 65°. 
Dissolve the sodium lauryl sulfate in water 
and heat to 65°. Add the oil phase slowly to 
the water phase with continuous stirring until 
congealed. 


The ointment was then prepared for testing by 
dissolving 14 mg. of sodium chloride in 0.5 cc. of 
distilled water, and incorporating the solution into 
4.486 Gm. of the base. 

The subjects used in these experiments were 
young males, of all types, and presumably repre- 
senting several types of skins. In no instance was a 
subject used for a second experiment until it was 
ascertained that no radioactive substance remained 
in his body. It was found that within 4 to 5 days 
all traces of activity had disappeared. The oint- 
ments were applied in the manner previously de- 
scribed, and the subjects tested for activity at 
intervals of '/., 2, 3, 6 and 24 hours after application 
of the ointments. Likewise, urine samples were col- 
lected from each subject at intervals of 3, 10 and 
20 hours after application, and after evaporation, 
tested for radioactivity. 


SUMMARY 


Of all the bases used, anhydrous lanolin gave the 
best and most consistent results. While quantities 
absorbed varied greatly with the subjects, in all 
cases there was a sharp rise in counts, followed by a 
gradual decrease in activity, the results being very 
consistent on the basis of so few readings. It is 
interesting to note that while the number of counts 
per minute, indicative of the amount of salt ab- 
sorbed, was greater in this experiment than in any 
other, the activity of the sodium chloride used here 
was much lower than any of the other samples. 
While 23 mg. were used in place of the usual 14 mg., 
this did not quite compensate for the lower activity. 

Lard appeared to give the next best results, al- 
though there was not the consistency in the readings 
that existed with lanolin, nor were the counts as 
high. 

Of the other three bases used, Base No. 20 and 
Cetyl Alcohol Base appeared to be about equal, 
although both showed so much variation and fluctua- 
tion that any comparison is difficult. White petro- 
latum appeared to give slightly lower results than 
the other two. 

In all cases, the readings obtained at the beginning 
of the experiment, soon after the application of the 
ointments, were the greatest, suggesting that the 
mechanical action of rubbing probably forces much 
of the ointment into the pores and hair follicles, thus 
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giving higher readings than those obtained later 
when such action does not occur. 

In all of the experiments, the results obtained from 
the urine specimens were much more uniform for 
each base, as would be expected, and such curves as 
could be made from the limited data showed a great 
similarity of pattern. Those of Base No. 20 and 
lard showed the greatest similarity, followed by 
those for cetyl alcohol base and petrolatum. Lanolin 
showed more variation in the urine curve than did 
any of the others. 


CONCLUSIONS 


While these experiments have not been 
extensive enough to warrant drawing defi- 
nite conclusions, they do serve to illus- 
trate the method and its possibilities. 
From the start the experiment was intended 
only to develop a method of testing and to 
show in general certain indications which 
could be investigated more fully with future 
work. 

From the results obtained, it would appear 
that there can be no doubt that absorption 
of radioactive sodium chloride from fatty 
bases does occur through the unbroken 


skin. There was ample evidence of absorp- 
tion in the radioactivity detected in the 
hands of the subjects, and even stronger 
evidence in the radioactivity of the urine 
samples where contamination from out- 
side sources could not have occurred. 

Through more extensive experiments, 
quantitative differences in absorption should 
be easily established for various bases. In 
this connection the authors feel that a 
study based on urine readings, collecting 
and measuring entire outputs for the dura- 
tion of an experiment, would give more 
satisfactory and more quantitative results 
than hand readings. 
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Book Review 


Manual of Laboratory Glass-Blowing, by R. H. 
Wricut, Chemical Publishing Company, Brook- 
lyn, N. Y. 1943. ix + 90 pp., 26 figs., 13.5 x 21.5 
cm. Price $2.50. 


In the opening chapters of this small handbook, 
Mr. Wright discusses very briefly and nontechnically 
the materials, glass and gas, while in the third 
chapter he describes the tools used by the glass 
blower. The remaining chapters are given over to 


the development of fundamental operations. No 
attempt at completion is made, but such simple 
basic operations as joining tubes of equal and un- 
equal sizes, bending tubing, using the spicing torch, 
making bulbs, making ring seals, making condensers, 
making vacuum jackets and sealing in wires, etc., 
are described concisely and clearly with the aid of 
diagrams and photographs. This is a convenient 
book for every research and service laboratory to 
own.—M. W. GREEN. 
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